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I. EXECUTIVE SUMMARY 

Advanced renal failure is a critical condition that requires the institution of life-saving therapies 
such as transplantation, hemodialysis and peritoneal dialysis. The immediate and long-term goals 
of these therapies are to remove accumulated toxins and maintain fluid and electrolyte balance. 
In the absence of timely institution of these renal replacement therapies, the patient faces a rapid 
downhill course of debilitation and eventual death.  

Peritoneal dialysis (PD) is an established therapy that meets the immediate and long-term goals 
of removing toxins and maintaining fluid balance in patients with terminal renal failure. Under 
current conditions of clinical practice in the United States, peritoneal dialysis is performed with 
the use of dialysis solutions that utilize dextrose (glucose monohydrate) as an osmotic agent. The 
role of dextrose in these solutions is to act as the driving force for the removal of fluid, also 
referred to as ultrafiltration (UF). The effectiveness of dextrose in this role is concentration 
dependent. Peritoneal dialysis solutions typically contain dextrose at concentrations of 1.5%, 
2.5% and 4.25%. Physicians will escalate the concentration used in their patients depending on 
the clinical needs. Typically, a patient will use four exchanges per 24 hours in continuous 
ambulatory peritoneal dialysis (CAPD) The proportions of the various dextrose concentrations 
used for these exchanges vary based on clinical needs. The 1.5% and 2.5% are the most 
commonly used concentrations with the 4.25% being relegated to cases of gross fluid overload or 
clinical failure to achieve adequate fluid removal with the lower concentrations. 

The role of dextrose as the driving force for ultrafiltration in PD is hampered by opposing factors 
in the peritoneal cavity, namely tissue and lymphatic absorption of fluid, and by the transience of 
dextrose levels within the peritoneal cavity because of rapid absorption of the sugar. As a small 
molecule, over 75% of the initial mass of dextrose is absorbed within 4 hours of instillation. This 
results in dissipation of the osmotic gradient leading to cessation of active fluid removal, and 
leaves absorptive processes unopposed. For therapy cycles that are short such as during nighttime 
automated PD (APD) or during daytime in CAPD, these drawbacks of dextrose are not very 
limiting. Neither form of therapy, however, can rely on a limited period of short dwells. Toxin 
removal for small solutes in many patients requires extension of the therapy for a full 24-hour 
period. More important, however, is the obligatory need of sustained full diurnal therapy for the 
removal of middle molecular weight toxins which is time-dependent and requires the presence of 
fluid in the abdomen for a full diurnal cycle.  
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These requirements to meet the toxin removal needs of the patient, coupled with the practical 
logistics of a self-administered home based therapy have resulted in the utilization of a long 
dwell (8 hours or more) in peritoneal dialysis. It is in this long-dwell component of PD therapy 
that the limitations of dextrose as the motive force for ultrafiltration are readily apparent. In 
CAPD, nearly 1 out of every 4 patients retains fluid during the long dwell, which is typically 8 to 
10 hours. In APD where the typical long dwell can extend up to 15 hours, nearly 3 out of every 4 
patients retain fluid (referred to as negative net ultrafiltration). When faced with negative net 
ultrafiltration in the long dwell, a clinician will attempt to compensate by increasing fluid 
removal during the shorter cycles using higher dextrose concentrations. Alternatively, clinicians 
will rely on 4.25% dextrose for the long dwell. While glucose concentrations continue to fall 
precipitously, the higher starting value leads to an osmotic gradient that is maintained for a 
longer period. However, at this concentration, a large and dramatic amount of ultrafiltration 
occurs early in the dwell, which is frequently experienced by the patient as a sense of distension 
and fullness that can be uncomfortable. In addition, use of higher dextrose concentrations result 
in greater glucose absorption and greater glucose exposure of the peritoneal membrane, a process 
thought to have detrimental effects (hyperlipidemia, weight gain, and possible alterations in the 
peritoneal membrane). 

Icodextrin, a polymer of glucose, was developed to address the shortcoming of dextrose as an 
osmotic agent for the long dwell in peritoneal dialysis. Specifically, the aims of Extraneal clinical 
trials were to demonstrate that it is effective as a dialysis solution in peritoneal dialysis, that its 
effect is sustained over the course of the long dwell (minimizing negative ultrafiltration), and that 
its safety profile is comparable to the currently available dextrose solutions.  

The structure of icodextrin is similar to glycogen, consisting of oligosaccharide polymers of D-
glucopyranose linked by alpha (1-4) and alpha (1-6) glucosidic bonds. It differs from glycogen in 
that it has a lower percentage of alpha (1-6) linkages, and hence, is less highly branched.  
Because of its high molecular weight (12-20,000 kda), icodextrin is more slowly absorbed across 
the peritoneal membrane compared to dextrose. This permits sustained ultrafiltration during 
dwells longer than 8 hours, resulting in greater fluid removal as compared to dextrose. 
Examination of the pharmacokinetics of the compound confirms the theoretical predictions based 
on its molecular weight: it is slowly removed from the peritoneal cavity predominantly by slow 
lymphatic absorption. After a mean dwell of 12 hours, only 40% of the polymer is absorbed from 
the peritoneal cavity, whereas over 75% of dextrose is absorbed in only 4 hours. The differential 
rate of removal from the peritoneal cavity is responsible for the predicted and observed increased 
efficiency of icodextrin over dextrose during the long dwell. 
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In clinical trials including 216 Extraneal patients and 207 dextrose control patients, the data 
demonstrate unequivocally the effectiveness of Extraneal for use in long dwell peritoneal 
dialysis. Compared to 1.5% and 2.5% dextrose solutions, Extraneal consistently provided 
statistically higher net UF, solute clearance, and lower negative net UF over the long dwell 
period of 8-16 hours. In one study, Extraneal resulted in ultrafiltration similar to 4.25% dextrose 
for 8-hour dwells, and a trend towards greater ultrafiltration at 12 hour dwells. The hallmark of 
Extraneal’s success is its correction of a clinical problem observed under common conditions of 
clinical practice: the negative ultrafiltration observed with 1.5% and 2.5% in the long dwell. This 
success has been documented uniformly in all the controlled studies described in this document.  

From a safety perspective, data from these 493 Extraneal patients and 347 control patients 
demonstrate that Extraneal is safe and well tolerated as a peritoneal dialysis solution.  Patients 
included in this summary had a mean exposure to Extraneal of almost 6 months (232.5 days) and 
a maximum exposure of more than 44 months (1326 days). 

The overall adverse event profile for Extraneal -treated patients was generally similar to that of 
active control patients in incidence rates and assessments of severity.  Slightly more Extraneal 
patients had one or more adverse events considered possibly, probably, or definitely related to 
study drug (28.2% Extraneal, 25.7% control).  Observational data on mortality did not show any 
statistically significant differences in survival time between groups and no deaths in either 
treatment group were considered related to study drug.   

Extraneal-treated patients had a 5.5% higher incidence of rash compared to the control 
population (10.1% vs. 4.6%). This difference was statistically significant. However, most events 
were mild to moderate in severity and disappeared with continued treatment or discontinuation. 
Analysis of commonly reported adverse events occurring after 6 months and 12 months of 
Extraneal therapy were generally lower than the overall incidence of these adverse events; there 
appears to be no cumulative adverse effect of Extraneal. 

Extraneal-treated patients had lower sodium and chloride levels compared to dextrose-treated 
patients but these values remained within the normal limits over the course of treatment.  
Extraneal-treated patients experienced higher alkaline phosphatase levels compared to control 
and did not result in any abnormal clinical sequelae. Serum amylase levels in Extraneal patients 
were markedly lower than control patients due to interference from icodextrin with amylase 
activity in the assay.  

In conclusion, Extraneal is uniquely suited for the long dwell exchange in PD. Extraneal 
demonstrated a desirable clinical effect of increased ultrafiltration and decreased the percentage 
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of patients with negative net ultrafiltration compared with the commonly used concentrations of 
dextrose (1.5% and 2.5%).  Data from one study suggest Extraneal may be as effective as 4.25% 
dextrose during longer dwells of 12 hours or more. Except for a self-limited and readily 
reversible skin side effect, its safety profile is comparable to currently used dextrose based 
solutions. It is therefore uniquely suited to fulfil the need for sustained ultrafiltration during the 
long dwell in peritoneal dialysis. 
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1.0 INTRODUCTION 

1.1 Background on End Stage Renal Disease  

End stage renal disease (ESRD) is defined as the state at which irreversible loss of endogenous 
renal function results in major erosion of a patient’s health and jeopardizes the survival of the 
patient unless renal replacement therapy is initiated. ESRD is a critical condition that requires the 
institution of life-saving therapies such as transplantation, hemodialysis and peritoneal dialysis. 
The immediate and long-term goals of these therapies are to remove accumulated toxins from 
protein metabolism and maintain fluid and electrolyte balance. In the absence of timely 
institution of these renal replacement therapies, the patient faces a rapid downhill course of 
debilitation and eventual death. Kidney transplantation is generally accepted as the optimal form 
of renal replacement therapy in that it provides patients the best prognosis for survival and 
quality of life.1  However, given the rapid rise in the incidence of ESRD in the United States and 
other countries and the continued shortage of donor kidneys, most patients with ESRD will 
require dialysis at some time during their life.   

In 1998, 85,520 new ESRD patients entered the dialysis or transplant population for an incidence 
rate of 308 patients per million U.S. inhabitants and a prevalence rate of 1160 patients per 
million inhabitants.  This incidence rate is the highest in the world, followed by Japan with 234 
new patients per million inhabitants.  The projected number of U.S. patients with ESRD is 
expected to reach 651,000 by 2010 (Figure 1A).2   
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Figure 1A:  Actual and projected incidence and prevalence of new ESRD patients (projected to 2010). 
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1.2 Clinical Management of ESRD with Peritoneal Dialysis 

Current peritoneal dialysis therapy is practiced by infusion of hypertonic, sterile, pyrogen-free 
dialysis solution into the peritoneal cavity.  The solution (1.5-3.0 L) is allowed to dwell for a 
period of time ranging from 0.5 to 16 hours, depending on the prescription and mode of therapy, 
and then drained from the peritoneal cavity.  The period of time the fluid remains in the 
peritoneal cavity is called the dwell time and the draining and infusion of the dialysis solution is 
called an exchange.  Patients either make several manual exchanges during the day (4 to 6 hours 
per dwell) and one manual exchange overnight for an 8 to 12-hour dwell (continuous ambulatory 
peritoneal dialysis (CAPD)) or utilize a cycler to deliver their dialysis therapy (automated 
peritoneal dialysis (APD)). Patients who use a cycler usually receive several rapid exchanges 
during the night lasting for 0.5 to 2 hours and one or two longer dwells during the day. These 
daytime dwells typically last for 8 to 16 hours.  

Ultrafiltration (fluid removal) in peritoneal dialysis is governed primarily by the osmotic gradient 
between the blood and the solution in the peritoneal cavity.  This gradient drives water from 
tissue capillaries lining the peritoneal cavity, through small pores in the capillary membranes, 
across the peritoneal membrane and into the peritoneal cavity.  This osmotic force should be able 
to produce approximately 1 to 2 liters of ultrafiltration per day in order to maintain proper fluid 
balance in an adult peritoneal dialysis patient.  Currently available peritoneal dialysis solutions 
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use dextrose (glucose monohydrate) as the osmotic agent.  The effectiveness of dextrose in this 
role is concentration dependent. 

Peritoneal dialysis solutions typically contain dextrose in concentrations of 1.5%, 2.5% and 
4.25%. In the United States, 56% of the usage is 2.5% dextrose, 32% is 1.5% and 12% is 4.25% 
dextrose (Baxter 2000 Marketing data). Physicians will escalate the concentration used in their 
patients depending on the clinical needs. Typically, a patient will use four exchanges per 24 
hours in CAPD. The proportions of the various dextrose concentrations for these exchanges vary 
based on clinical needs. The 1.5% and 2.5% are the most commonly used formulations with the 
4.25% being relegated to cases of gross fluid overload or clinical failure to achieve adequate fluid 
removal with the lower concentrations. 

Because of the rapid absorption of glucose from the peritoneal cavity, the osmotic gradient 
declines rapidly, leading to a decline in the rate of ultrafiltration with increasing dwell times. As 
a result, the ultrafiltration profile changes dramatically throughout the dwell (Figure 1B).3  For 
example, during a 4-5-hour dialysis dwell with 2.0 L of a standard 1.5% dextrose solution, 
ultrafiltration is greatest at the beginning of the dwell when the osmotic gradient is maximal, 
creating a net ultrafiltration of ~150-200 ml after 2 hours.  As the dwell progresses, however, the 
rate of ultrafiltration declines, and after 3-4 hours there is usually net fluid reabsorption.  For a 
solution containing 4.25% dextrose, the osmotic gradient is greater, resulting in a net 
ultrafiltration of ~400-600 ml at two hours; nevertheless, after 3 hours, peritoneal volume begins 
to decline.  The ultrafiltration profile of dextrose-based solutions is therefore best suited for short 
dialysis dwells.  

Figure 1B:  Ultrafiltration profile of Dextrose 
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The role of dextrose as the driving force for ultrafiltration in PD is hampered by opposing factors 
in the peritoneal cavity, namely tissue and lymphatic absorption of fluid, and by the transience of 
dextrose levels within the peritoneal cavity because of its rapid absorption. This results in 
dissipation of the osmotic gradient leading to cessation of active fluid removal, and leaves 
absorptive processes unopposed. For therapy cycles that are short such as during night time 
automated PD (APD) or during daytime in CAPD, these drawbacks of dextrose are not very 
limiting. Neither form of therapy, however, can rely on a limited period of short dwells. Toxin 
removal for small solutes in many patients requires extension of the therapy for a full 24-hour 
period. More important however is the obligatory need of sustained full diurnal therapy for the 
removal of middle molecular weight toxins which is time-dependent and requires the presence of 
fluid in the abdomen for a full diurnal cycle.  

These requirements to meet the toxin removal needs of the patient, coupled with the practical 
logistics of a self-administered home based therapy have resulted in the utilization of a long 
dwell (8 hours or more) in peritoneal dialysis. It is in this long-dwell component of PD therapy 
that the limitations of dextrose as the motive force for ultrafiltration are most apparent. In CAPD, 
nearly 1 out of every 4 patients retains fluid during the long dwell, which is typically 8 to 10 
hours. In APD where the typical long dwell can extend up to 15 hours, nearly 3 out of every 4 
patients retain fluid.  

When faced with negative ultrafiltration in the long dwell, a clinician will usually attempt to 
compensate by increasing fluid removal during the shorter cycles using higher dextrose 
concentrations. Alternatively, clinicians will rely on 4.25% dextrose for the long dwell. At this 
concentration, a large and dramatic amount of ultrafiltration occurs early in the dwell, which is 
frequently experienced by the patient as a sense of distension and fullness that can be 
uncomfortable. In addition, higher concentrations of dextrose are thought to result in 
hyperlipidemia, weight gain and potential adverse effects on the peritoneal membrane.   

To address these concerns, Baxter Healthcare has developed a PD solution with a unique osmotic 
agent, icodextrin, with the trade name ExtranealTM. Extraneal is intended for use in the long dwell 
exchange of PD therapy to allow greater net ultrafiltration and solute clearances compared to 
current dextrose-based PD solutions.   
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1.3 Description of Extraneal Peritoneal Dialysis Solution  

 
Extraneal is a peritoneal dialysis solution containing 7.5% (w/v) icodextrin as the primary 
osmotic agent.  The formulation of Extraneal is shown in Table 1A. 

  
Table 1A: Formulation of Extraneal 7.5% (w/v) Icodextrin PD Solution 

 
Icodextrin (g/dL) 7.5 

Sodium (mEq/L) 132.0 

Chloride (mEq/L) 96.0 

Calcium (mEq/L) 3.5 

Magnesium (mEq/L) 0.5 

Lactate (mEq/L) 40.0 

pH 5.2 

Osmolality (mOsm/L) 282-285 

 
The electrolyte composition and buffer (lactate) are identical to the PD-2 formulation of Dianeal 
(an approved solution for peritoneal dialysis currently marketed in the US).   

Icodextrin is a soluble, polydispersed, high molecular weight polymer of glucose isolated by 
fractionation of hydrolyzed cornstarch.  The structure of icodextrin is similar to glycogen, 
consisting of oligosaccharide polymers of D-glucopyranose linked by alpha (1-4) and alpha (1-6) 
glucosidic bonds.  The structure of icodextrin differs from glycogen in that icodextrin has a lower 
percentage of alpha (1-6) linkages (<10%) and is hence less highly branched.  A representation of 
the structure of icodextrin, showing the main alpha (1-4)-linked chain and alpha (1-6) branching, 
is presented in Figure 1C. 
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Figure 1C:  Representation of the Structure of Icodextrin 
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Because of its higher molecular weight, icodextrin acts as a colloid osmotic agent rather than a 
crystalloid osmotic agent.4 The process of colloid osmosis is based on the principle that fluid 
flow across a semi-permeable membrane occurs in the direction of the relative excess of 
impermeable large solutes, rather than along its osmolarity gradient.  As a result, PD solutions 
containing icodextrin are able to effect transcapillary ultrafiltration (UF) while remaining 
essentially isosmolar with respect to plasma (~285 mOsm/L).  By contrast, dextrose-containing 
solutions are significantly hyperosmolar to plasma, ranging from 346 to 485 mOsm/L.   

Due to its high molecular weight, icodextrin is more slowly absorbed across the peritoneal 
membrane compared to dextrose. Crystalloid osmotic agents such as glucose are absorbed across 
the peritoneal membrane by diffusion and convection, the latter process resulting from fluid 
movement out of the peritoneal cavity primarily via lymphatic pathways.  For colloid osmotic 
agents such as icodextrin, the diffusive component is minimized, and only convection contributes 
substantially to their loss from the peritoneal cavity.  As a result, the osmotic pressure created by 
icodextrin is relatively constant, leading to a slow, continuous increase in peritoneal volume and 
greater net ultrafiltration at the end of a long dwell (Figure 1D).5 Consequently, Extraneal was 
developed for application for long dialysis dwells.  
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Figure 1D: Peritoneal Volume Profiles for Icodextrin and Dextrose-Containing PD Solutions 
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2.0 REGULATORY HISTORY OF EXTRANEAL 

2.1 Current Marketing Status of Extraneal Worldwide 

As of January 2001, Extraneal is approved in 28 countries and has been used by at least 21,000 
patients worldwide since it’s initial launch in Europe 7 years ago (Table 2A). There are currently 
6,836 patients on product in Europe representing approximately 29% of the total European PD 
patient population. 

 

Table 2A:  Foreign Marketing Approval for Extraneal (June 2001) 
Marketing Approval Granted 

Austria Czech 
Repub. 

Greece Korea Poland Sweden 

Belgium Denmark Hong Kong Luxemburg Portugal Switzerland 
Brazil Finland Ireland Malta Singapore United 

Kingdom 
Canada France Israel Netherlands Slovakia  
Columbia Germany Italy Norway Spain  

Marketing Applications Filed 
Argentina Australia Japan New Zealand Romania Slovenia 
Turkey Lithuania     

 
 
Since initial commercialization, there are a total of almost 200,000 patient months exposure with 
Extraneal with approximately 10% of this exposure in clinical trials (Table 2B). 

 
Table 2B:  Patient Exposure* (February 1st 1997-January 31st 2001) 

 
ACTIVITY PATIENT MONTHS 
Clinical Trials (Company sponsored) 1,921.1 
Compassionate Use (World-wide) 2,429.6 
Market Experience (World-wide) 187,081.3 
TOTAL EXPOSURE 191,432 
* Calculations based on patient using 1 bag per day, 30 bags per month, to arrive at patient months 
 

2.2 US Regulatory History 

The original IND for Extraneal was submitted to FDA’s Division of Metabolic and Endocrine 
Drug Products in November 1996.  The IND was filed with a Phase III open-label active 
controlled clinical trial to evaluate the safety and efficacy of Extraneal as a replacement 
peritoneal dialysis solution for Dianeal for the daytime dwell exchange (i.e. 12-16 hour duration) 
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in patients with ESRD on APD. It was Baxter’s intent to submit an NDA based upon the foreign 
clinical studies, used to grant European Approval, and the proposed controlled Phase III clinical 
trial.  Shortly after this submission, the IND was transferred to the Division of Cardio-Renal 
Drug Products (DCRDP). 

DCRDP considered the IND open indicating that study could proceed with Extraneal in patients.  
However, input from DCRDP resulted in the following modifications to the clinical development 
plan:  

1. Two double blind studies would be conducted comparing Extraneal to 2.5% dextrose 
Dianeal for the long dwell exchange: a one month efficacy and safety study (RD-97-CA-
130); and a 12-month long term safety study planned to include approximately 150 
patients exposed to Extraneal (RD-97-CA-131). 

2. In the 12-month safety study, Baxter would evaluate mortality and body weight in 
addition to standard safety measures. 

On October 19, 2000, a closed session of the Cardio-Renal Advisory Committee was held with 
Baxter to discuss clinical development of PD solutions (parenthetical numbers refer to block 
in meeting transcript).  Because PD patients constitute a very limited population with high 
morbidity and mortality, unique issues for the development of peritoneal dialysis solutions exist. 
At this meeting, it was agreed that fluid removal (ultrafiltration) was an acceptable endpoint for 
clinical efficacy (242).  In order to evaluate product safety, the Advisory Members identified the 
following three categories of PD solution development, delineated based upon how a product 
would differ from existing solutions: 

1. Category 1: same dialysate, minor changes to constituents with no expected impact on 
safety and efficacy (183/184) with 50 patients in the treatment arm and 50 in the control 
group treated over 3 months (192). 

2. Category 2: material change to the dialysate, no claim of additional benefits, need to 
show that solution was an effective dialysate as well as demonstrate that the change in 
dialysate did not alter key safety issues from current therapy (184).  A patient range of 
400-800 (237) and duration of 3 months minimum with 6-12 months preferred (252). 

3. Category 3: meaningful benefit over current therapy with the risk-to-benefit- in the 
patient’s favor (184).   A patient range of 400-800 patients (237) and duration as in 
category 2. 
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The committee also discussed examples of meaningful benefits, including fluid balance, 
reduction of edema, and improved ultrafiltration (241-247).  

Extraneal has been granted Orphan Drug Designation by the FDA in July 1997. On December 
20, 2000, the NDA for Extraneal was submitted to the Division of Cardio-Renal Drug Products. 
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3.0 CLINICAL DEVELOPMENT PROGRAM  

3.1 Clinical Development and Studies Summary 

The clinical database used to evaluate the safety and efficacy of Extraneal consists of 9 studies 
involving a total of 840 patients, 493 of which were exposed to Extraneal (see Appendix 1 for 
Study Synopses). A total of 197 patients are counted more than once due to study design (cross-
over, rollover extension or sub study).  The safety patient population consists of 643 unique 
patients and the efficacy patient population consists of 423 unique patients.   

Studies were designated as “Key” or “Supportive”.  Key studies were those considered to meet 
all of the requirements of adequate and well-controlled studies, per 21 CFR 314.126, intended to 
demonstrate efficacy and or safety for the proposed indication.  Key studies for safety and 
efficacy are RD-97-CA-130, MIDAS (ML/IB001), PRO-RENAL-REG-035, and for safety RD-
97-CA-131.  Supportive studies were additional studies, which provide evidence for evaluation 
of the safety and or efficacy of Extraneal, but were intended to evaluate specific effects (e.g. 
pharmacokinetics, uncontrolled extension, etc.).  Supportive studies included RD-99-CA-060, 
MIDAS-2 (ML/IB004), DIANA (ML/I011), MIDAS S-5 (ML/IB014), and DELIA (ML/IB009).  
The integrated database for safety included data from both the Key and Supportive studies. A 
summary of patients in the key and supporting studies is presented in Table 3A.   

The terms “control” or “active control” refer to the comparator dextrose-containing peritoneal 
dialysis solution and are used interchangeably throughout this document.  

A tabular summary of all studies can be found in the Table of All Studies (Table 3B).
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Table 3A:  Summary of Patients 
 
 

Number of Patients Evaluated for Safety 
 

 
Study 

Total Number of Patients 
evaluated for safety Number of Unique Patients* 

 Control Icodextrin Total Control Icodextrin Total 
RD-97-CA-130 85 90 175 85 90 175 
ML/IB/001 (MIDAS) 103 106 209 103 106 209 
PRO-RENAL-REG-035 19 20 39 19 20 39 
RD-97-CA-131 112 175 287 50 108 158 
ML/IB/020 (DELIA) 9 10 19 1 10 11 
ML/IB/011 (DIANA) 19 19 38 19 19 38 
ML/IB/004 (MIDAS-2) 0 48 48 0 0 0 
ML/IB/014 (S5) 0 12 12 0 0 0 
RD-99-CA-060 0 13 13 0 13 13 
Total 347 493 840 277 366 643 

 
Number of Patients Evaluated for Efficacy 

 
Study Control Icodextrin Total 
RD-97-CA-130 
   Efficacy Evaluable 

85 
85 

90 
90 

175 
175 

ML/IB/001 (MIDAS) 
   Efficacy Evaluable 
     1.5% Dextrose (8-hour dwell) 
     1.5% Dextrose (12-hour dwell) 
     2.5%/4.25% Dextrose ((8-hour dwell) 
     2.5%/4.25% Dextrose (12-hour dwell) 

103 
  93 
  55 
  55   
  38 
  38 

106 
  85 
  50 
  50   
  35 
  35 

209 
  178 
  105 
  105   
 73 
 73 

PRO-RENAL-REG-035 
   Efficacy Evaluable 

19 
19 

20 
20 

39 
39 

Total 207 216 423 
 
 

*The complete database for the safety includes results for 840 patients (347 Control, 493 icodextrin).  However, 197 of 
these patients are included in the safety analyses more than once due to study design (crossover study, rollover extension, or 
sub-study).  Study RD-97-CA-131, a long-term safety study, included 129 patients (62 control, 67 icodextrin) who 
previously participated in Study RD-97-CA-130.  Study ML/IB/020, a crossover study had 11 unique patients, 1 patient 
received only control, 2 received only icodextrin, and 8 received both treatments.  The 48 patients in Study ML/IB/004 
(MIDAS-2) were all previously enrolled in ML/IB/001 (MIDAS) and the 12 patients in Study ML/IB/014 (S-5) were 
previously enrolled in MIDAS-2. 
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Table 3B:  Summary of Extraneal Clinical Studies 
 

Protocol 
Number 

Study Title Study Description N 
Duration 

Mean 
Age  
(Range) 

% 
M/F 
B/W/O 

Key Studies 
RD-97-CA-130 A Study to Evaluate the 

Safety and Efficacy of a 
7.5% Icodextrin Peritoneal 
Dialysis Solution in 
Patients Treated with 
CAPD. 

Prospective, randomized, 
double-blind, and parallel 
group, active-controlled 
study comparing the 
efficacy and safety of 
Extraneal (7.5% 
icodextrin) with that of 
Dianeal for the overnight 
dwell in CAPD patients. 

Total =175 
 
I = 90 
 
C = 85 

4 weeks  
 
I : 54 
(22  - 82) 
 
C: 55  
(26 - 86) 
 

 
 
I: 38/ 62 
33/ 53/ 
13 
 
C: 31/ 69 
32/ 55/ 
13 
 

RD-97-CA-131 A Study to Evaluate the 
Safety of a 7.5% 
Icodextrin Peritoneal 
Dialysis Solution in 
Patients Treated with 
Peritoneal Dialysis (PD) 
in North America. 

Prospective, randomized, 
double blind, and parallel 
group, active-controlled 
study comparing the safety 
of Extraneal (7.5% 
icodextrin) with that if 
Dianeal for the long dwell 
in PD patients.  Patients 
treated by both CAPD and 
APD were included. 

Total = 287 
 
I = 175 
 
C = 112 

52 weeks  
 
I: 53  
(22 - 83) 
 
C: 55  
(25 - 86) 

 
 
I: 53/ 47 
26/ 63/ 
11 
 
C: 45/ 55 
28/ 62/ 
10 

ML/IB/001 Multicenter Clinical Trial 
of Dextrin 20 in 
Continuous Ambulatory 
Dialysis (MIDAS) 

Open, randomized, active- 
controlled, parallel group 
study comparing the 
efficacy and safety of 
7.5% icodextrin with that 
of dextrose for the long 
overnight dwell in CAPD 
patients. 

Total = 209 
 
I = 106 
 
C = 103 

6 months  
 
I: 55  
(18 - 77) 
 
C: 22 - 82 
(55) 
 

 
 
I: 67/ 33 
5/ 89/ 6 
 
C: 65/ 35 
3/ 93/ 4 
 
 

Pro-Renal-Reg-
035 

A Study to Evaluate the 
Safety and Efficacy of a 
7.5% Icodextrin Solution 
Peritoneal Dialysis in 
Patients Treated With 
Automated Peritoneal 
Dialysis (APD). 

Open-label, randomized, 
parallel group, active-
controlled study to 
compare the efficacy and 
safety of Extraneal 
(7.5% icodextrin) with 
that of 2.27% glucose 
(Dianeal PD4) for the long 
daytime dwell in APD 
patients. 
 

Total = 39 
 
I = 20 
 
 
C = 19 

16 weeks  
 
I: 46  
(27 - 74) 
 
C: 45  
(26 - 75) 
 

 
 
I: 85/ 15 
0/ 95/ 5 
 
C: 68/ 32 
0/ 100/ 0 
 
 

Refer to Appendix 1 for study synopses 
I = 7.5% icodextrin = Extraneal; C = control; M = male; F = female; B = black; W = white; O= other 
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Protocol 
Number 

Study Title Study Description N Duration Age 
Mean  
(Range) 

% 
M/F 
B/W/O 

Supportive Studies 
ML/IB/020 Assessment of Icodextrin 

for the Long Daytime 
Dwell in Automated 
Peritoneal Dialysis (APD) 
Patients (DELIA). 

Open, two-way crossover 
study to evaluate the 
safety, efficacy, and 
patient acceptability of 
icodextrin for the long  
(14- to 16- hour) dwell in 
APD patients. 

Total = 11 
 
I = 11 
7 patients 
completed 
both arms 

6 weeks 
per 
treatment 
(4-week 
washout 
between) 

 
 
I: 52  
(19-66) 
 

 
 
I: 27/ 73 
0/ 100/ 0 

ML/IB/011 Assessment of the 
Biocompatibility of 
Glucose Polymer Solution 
in Automated Peritoneal 
Dialysis (APD) Patients 
(DIANA). 

Open-label, randomized, 
active-controlled, parallel 
group study comparing 
icodextrin with glucose 
for the long daytime dwell 
(12-16 hours) in APD 
patients in the 
Netherlands. 

Total = 38 
 
I = 19 
 
 
C = 19 

24 months  
 
I: 53  
(31-70) 
 
C: 51 
(21-68) 

 
 
I: 53/ 47 
5/ 79/ 16 
 
C: 89/ 11 
5/ 84/ 11 

ML/IB/004 Multicenter Clinical Trial 
of Icodextrin in 
Continuous Ambulatory 
Peritoneal Dialysis: 
Extension Study  
(MIDAS-2). 

Open-label, long-term 
extension study to 
evaluate the safety of 
icodextrin in CAPD 
patients who have already 
received 6 months of 
therapy during the 
MIDAS study. 

Total = 48 
 
I = 48 

Varied; 
until 
treatment 
failure 

 
 
I:  57 
(20-77) 
 

 
 
I: 75/ 25 
4/ 94/ 2 

RD-99-CA-060 A Study to Evaluate the 
Pharmacokinetics of a 
Single Exchange of 7.5% 
Icodextrin PDS in Patients 
Treated with PD 

Open, prospective, single 
exchange, 
pharmacokinetic study 

Total = 13 
 
I = 13 

Single, 
12-hour 
dwell; 
patients 
followed 
for 28 days 

 
 
I: 54 
(29-77) 

 
 
I: 38/ 62 
46/ 46/ 8 

ML/IB/014 Evaluation of Serum 
Levels of Icodextrin at 
Steady State, After 
Stopping Treatment, and 
on Re-Starting after Three 
Weeks (S-5) 

Open, prospective 
pharmacokinetic study; 
sub-study of MIDAS-2; 
patients received dextrose 
solution 1 dwell/day for 3 
weeks, then icodextrin 
solution 1 dwell/day for 2 
weeks 

Total = 12 
 
12 
patients 
received 
both 
treatments 

5 weeks 
(3 weeks 
dextrose 
then 2 
weeks 
icodextrin) 

 
 
I: 58 
(22-75) 

 
 
83/ 17 
0/ 100/ 0 

Refer to Appendix 1 for study synopses 
I = 7.5% icodextrin = Extraneal; C = control; M = male; F = female; B = black; W = white; O= other 



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

24 

3.2 Demographics of Patients Studied  

The patient demographics for all 9 studies used in the safety database are presented in Table 
3C.   
 

 Table 3C:  Baseline Demographics  – All Studies 
 Control Group 

N = 347 
Extraneal Group 

N = 493 
All Patients 

N = 840 
N % N % N %

Age (yrs)
Mean ± SE 54.1± 0.76 53.9 ± 0.63 54.0 ± 0.48 
18 - <75 328 94.5 472 95.7 800 95.2 
≥ 75  19 5.5 21 4.3 40 4.8 
Gender       
Male 175 50.4 278 56.4 453 53.9 
Female 172 49.6 215 43.6 387 46.1 
Race
Caucasian 257 74.1 360 73.0 617 73.5 
Hispanic 10 2.9 14 2.8 24 2.9 
Asian 12 3.5 22 4.5 34 4.0 
Black 62 17.9 90 18.3 152 18.1 
Other 6 1.7 7 1.4 13 1.5 
Primary Renal Diagnosis       
Diabetic nephropathy 74 21.3 102 20.7 176 21.0 
Hypertensive nephropathy 68 19.6 114 23.1 182 21.7 
Glomerulonephritis 68 19.6 87 17.6 155 18.5 
Polycystic kidney disease 22 6.3 28 5.7 50 6.0 
Interstitial nephritis 11 3.2 23 4.7 34 4.0 
Obstructive nephropathy 2 0.6 5 1.0 7 0.8 
Autoimmune disease 9 2.6 7 1.4 16 1.9 
Other 93 26.8 127 25.8 220 26.2 
Diabetic
Yes 94 27.1 132 26.8 226 26.9 
No 244 70.3 350 71.0 594 70.7 
Not recorded 9 2.6 11 2.2 20 2.4 
Hypertensive*
Yes 147 42.4 243 49.3 390 46.4 
No 200 57.6 250 50.7 450 53.6 
Hypertensive Nephropathy
Yes 68 19.6 114 23.1 182 21.7 
No 279 80.4 379 76.9 658 78.3 

*  Systolic pressure >140 mmHg and/or diastolic pressure >90 mmHg at baseline 
 
 
No difference between age, gender, race, or comorbid conditions were found between the 
active control and treated groups. 
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3.3 Extent of Exposure  

Two hundred and fifteen (215) patients were exposed to Extraneal for at least six months and 
155 patients were exposed to Extraneal for at least one year.  The extent of exposure is 
summarized by number of days in Table 3D. 

 
Table 3D:  Duration of Exposure for All Studies 

 
 Control Group Icodextrin Group 

Duration Categories 
(days) 

    

 N Percent N Percent 
<30 78 22.5 103 20.9 
30 - <90 51 14.7 75 15.2 
90 - <180 93 26.8 100 20.3 
180 - <360 50 14.4 60 12.2 
>=360 75 21.6 155 31.4 

TOTALS 347 100.0 493 100.0 

 

3.4 Rationale for Dosing Regimen 

Early feasibility and formulation studies with glucose polymers as an osmotic agent for 
peritoneal dialysis examined wide ranges in molecular weight distribution and glucose 
polymer concentrations.  Results obtained from these studies demonstrated that glucose 
polymer fractions with a relatively high molecular weight possessed the most favorable 
ultrafiltration (efficacy) profile in relation to the amount of carbohydrate absorbed.  Overall, 
the percent absorption of total carbohydrate for glucose polymer-based dialysis solutions was 
much less than that of dextrose-based solutions.  Concentrations of glucose polymer from 5% 
– 10% were shown to be effective at providing ultrafiltration and were shown to be superior 
to dextrose containing solutions in sustaining ultrafiltration during long dwells.  Based on the 
results of these feasibility studies, a high molecular weight fraction glucose polymer and 
concentration of 7.5% were selected for clinical development.   
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4.0 PHARMACOLOGY AND PHARMACOKINETICS 

Extraneal is administered directly into the peritoneal cavity, its site of action, and is therefore 
fully bioavailable upon instillation.  The two essential attributes of a dialysis solution, solute 
clearance and ultrafiltration (fluid removal), commence immediately upon administration, as 
the diffusive and osmotic pressure gradients are established once the solution is present in the 
peritoneal cavity.   

Icodextrin contained in Extraneal acts as a colloid osmotic agent to achieve ultrafiltration 
across the peritoneal membrane.  Extraneal is able to effect ultrafiltration while remaining 
essentially isosmolar with respect to plasma (~285 mOsm/L), in contrast to glucose-
containing solutions, which act by crystalloid osmosis and are hyperosmolar (346 to 485 
mOsm/L).  Because of its high molecular weight, icodextrin is absorbed from the peritoneal 
cavity much slower than glucose. As a result, Extraneal is able to achieve sustained 
ultrafiltration during long peritoneal dialysis dwells.  

The absorption of icodextrin occurs primarily by convective uptake from the peritoneal cavity 
via the peritoneal lymphatics.  Absorbed icodextrin is metabolized by circulating α-amylase 
to smaller glucose polymers with a degree of polymerization (DP) less than that of the 
original polymer.  These polymers are further metabolized to small oligosaccharides, 
principally maltose (DP2), maltotriose (DP3) and maltotetraose (DP4).  Maltose is ultimately 
metabolized by maltase to glucose.  The metabolism of icodextrin is shown in Figure 4A.   

Figure 4A:  Metabolism of Icodextrin  
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Although glucose is the ultimate metabolite of icodextrin, in contrast to dextrose-based 
solutions, Extraneal did not increase blood glucose levels or result in an insulinemic response 
in the single-dose pharmacokinetic study (RD-99-CA-060).   

 

4.1  Single-Dose Pharmacokinetics 

 
Single-dose pharmacokinetic parameters of Extraneal were evaluated in a single study (RD-
99-CA-060) involving 13 ESRD patients treated with CAPD.  The study evaluated the 
absorption kinetics of icodextrin from the peritoneal cavity and its elimination from blood 
after a single, 12-hour dwell.  Blood levels of icodextrin and metabolites were monitored in 
plasma, dialysate and urine.  Blood levels of icodextrin are defined as the sum of all polymers 
with a degree of polymerization (DP) greater than or equal to maltose (DP2) and were 
quantified by total hydrolysis of icodextrin to glucose, followed by enzymatic determination 
of glucose.  Icodextrin metabolites, including maltose (DP2), maltotriose (DP3), 
maltotetraose (DP4), maltopentaose (DP5), maltohexaose (DP6) and maltoheptaose (DP7), 
were individually quantified using high performance anion-exchange chromatography with 
pulsed amperometric detection (HPAE-PAD).   

The absorption of icodextrin was evaluated by monitoring the disappearance of icodextrin 
from the peritoneal cavity after instillation of the dialysis solution (Figure 4B).  Absorption 
of icodextrin from the peritoneal cavity followed zero-order kinetics consistent with 
convective transport via peritoneal lymphatic pathways.  A median of 40.1% (60.2 g) of the 
administered dose was absorbed during the 12-hour dwell (range 36.29 to 102.37 g).  These 
results are consistent with the absorption of icodextrin via the peritoneal lymphatics.  
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Figure 4B:  Mean Concentration of Icodextrin in the Peritoneal Cavity  
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Plasma levels of icodextrin rose during the dwell and declined after draining from the 
peritoneal cavity (Figure 4C).  Plasma kinetics fit a one-compartment model with zero-order 
absorption and first-order elimination.  Peak plasma concentrations (median Cpeak = 2.23 g/L) 
were observed at the end of the long dwell exchange (median Tmax = 12.7 hours) with plasma 
levels returning to baseline values within 3 to 7 days following the single dose.   

 
Figure 4C:  Mean Plasma Icodextrin versus Time 

 
 

 

 

 

 

 

 

 

Icodextrin had a plasma half-life of 14.7 hours (range 10.88 to 21.27 hrs) and a median 
clearance rate of 1.09 L/hr (range 0.55 to 2.28 L/hr).  The median distribution volume was 
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22.73 L (range 11.28 to 40.43 L), and the AUC calculated by the trapezoidal method had a 
median of 153.69 g/L/hr (range 55.13 to 180.60). 

Plasma levels of icodextrin metabolites maltose (DP2), maltotriose (DP3) and maltotetraose 
(DP4) increased following Extraneal administration with a profile similar to that of total 
icodextrin (Figure 4D).  Peak values were achieved following the end of the dwell and 
declined to baseline levels by 3 to 7 days.  Only very small increases in blood levels of larger 
metabolites (DP5 to DP7) were observed.  

Figure 4D:  Mean Plasma Levels of Icodextrin Metabolites 

 

 

 

 

 

 

 

 

 

Icodextrin and metabolites were cleared by urinary excretion and dialysis as well as 
metabolism to glucose. Urinary excretion of icodextrin was directly proportional to the level 
of residual renal function (r=0.824 vs. creatinine clearance, p<0.01) (Figure 4E).  In the nine 
patients with residual renal function (mean creatinine clearance: 5.0 ± 1.5 ml/min), the 
average daily urinary excretion of icodextrin was 473 ± 77 mg per ml of creatinine clearance.   
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Figure 4E:  Correlation Between Urinary Icodextrin Excretion and Creatinine Clearance 

 

 

 

 

 

 

 

 

 

Elimination of the smaller icodextrin metabolites by dialysis was evident during the 
subsequent dialysis exchanges (following the Extraneal exchange), particularly for DP2 and 
DP3 (Table 4A).  Recoveries of icodextrin in the subsequent first and second exchanges may 
also result from the icodextrin present in the residual fluid in the peritoneal cavity after 
drainage of the initial dwell.  In the third subsequent exchange, essentially all of the 
icodextrin present in the dialysate is contributed by the metabolites DP2 to DP4. 

 
Table 4A:  Concentration of Icodextrin and Metabolites DP2-DP4 in Dialysate from the Three Exchanges 

after the Single 12-hour Exchange 
 

Icodextrin or  Concentration (g/L) 
Metabolites 1st exchange 2nd exchange 3rd exchange 
DP2  0.27 ± 0.031 0.29 ± 0.039 0.24 ± 0.024 
DP3 0.26 ± 0.034 0.25 ± 0.035 0.18 ± 0.021 
DP4 0.12 ± 0.017 0.075 ± 0.011 0.039 ± 0.007 
Sum of DP2-DP4 0.65 0.62 0.46 
Icodextrin 3.41 ± 0.55 0.85 ± 0.11 0.47 ± 0.05 

 
Some intraperitoneal metabolism of icodextrin also occurred based on an observed increase 
in the concentration of the smaller polymers in the dialysate during the 12-hour dwell (Figure 
4F).  During the dwell, the concentrations of smaller polymers (DP2 – DP4) increased while 
those of the larger polymers declined (DP5 – DP7), indicating metabolism.  The rise in the 
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dialysate concentrations of the smaller metabolites (DP3 and DP4) is unlikely to be due to 
diffusion from the systemic circulation after extraperitoneal metabolism, as the 
concentrations in the peritoneal fluid remain higher than the circulating levels of these two 
metabolites for most of the dwell period.  In the case of maltose (DP2), the plasma 
concentration exceeds the dialysate concentrations by the 4th hour of the dwell and remains 
higher for the remainder of the 12-hour dwell.  Therefore, the rise in dialysate concentration 
could be the result of either intraperitoneal production or back diffusion from the systemic 
circulation (i.e., dialysis) or both.  

 
Figure 4F:  Evidence for Intraperitoneal Metabolism of Icodextrin During the Extraneal Dwell 

 

 

 

 

 

 

 

 

 

 

 

Single-dose pharmacokinetics closely predicted steady-state blood levels observed during 
multiple-dose studies.  Using kinetic values obtained from each patient in the single dwell 
study, the predicted mean steady-state plasma concentration of total icodextrin was 5262 ± 
461 (SE) mg/L.  This compares closely to mean steady-state plasma concentrations for 
icodextrin observed during long-term administration of Extraneal.    
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4.2  Multiple-Dose Pharamcokinetics 

In multiple-dose studies, approximately 20% to 40% of the administered icodextrin was 
absorbed from the peritoneal cavity, depending on the duration of the dwell.  Steady-state 
levels of icodextrin and metabolites were achieved within approximately one week and 
remained at a consistent level throughout the duration of exposure for at least two years 
(Figure 4G). Steady-state plasma concentrations of icodextrin ranged from 4 to 6.5 g/L and 
were consistent within and among studies.  Small differences in the steady-state blood 
concentrations may be attributed to differences in dwell times, infusion volumes and 
sampling times (i.e., before or after the long dwell with Extraneal).  In the study with 
available follow-up data on blood levels (PRO-RENAL-REG-035), plasma icodextrin 
returned to baseline within approximately one week upon discontinuing use of Extraneal. 

 
Figure 4G.  Plasma Icodextrin Levels in Multiple-Dose Studies 
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Plasma steady-state concentrations of icodextrin metabolites in multiple-dose studies 
followed kinetics similar to icodextrin (Figure 4H). Steady-state levels of maltose (DP2) and 
other metabolites were achieved within approximately 1-2 weeks and remained constant for 
up to two years of Extraneal administration (range 0.81 to 1.35 g/L for maltose). Similar to 
results from the single dose study, maltose, maltotriose (DP3) and maltotetraose (DP4) were 
the primary metabolites observed in multidose studies. Steady-state plasma levels of DP5 – 
DP7 were not significantly different from baseline values.   

 

Figure 4H:  Plasma Levels of Icodextrin Metabolites 
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within ~2 weeks following discontinuation of Extraneal.6  Upon recommencing 
administration of Extraneal, levels of icodextrin and maltose returned to steady-state levels 
within ~1 week (Figure 4I).  These results provide indirect evidence against any 
accumulation or tissue storage of icodextrin or metabolites during chronic administration. 

Figure 4I:  Kinetics of Icodextrin and Maltose Following Discontinuation 
and Readministration of Extraneal 
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In summary, icodextrin is bioavailable upon its instillation into the peritoneal cavity.  In 
contrast to dextrose, the absorption of icodextrin from the peritoneal cavity is slow and 
allows for sustained ultrafiltration during a 12-16 hour dwell.  Disappearance of icodextrin 
from the peritoneal cavity follows zero order kinetics, consistent with uptake via the 
lymphatics.  The total amount of icodextrin absorbed depends on the dwell time and averages 
30 - 40% of the administered dose.   

Absorbed icodextrin is metabolized by α-amylase into smaller oligosaccharides, particularly 
maltose, maltotriose and maltotetraose.  Following a single dose, peak plasma levels of 
icodextrin and its metabolites are obtained at the end of the dwell and decline thereafter, 
reaching baseline within three to seven days.  During repeated daily administration of 
Extraneal, plasma levels of icodextrin and metabolites attain steady-state concentrations 
within approximately 1-2 weeks and remain constant during chronic exposure. Steady-state 
levels of icodextrin, including metabolites, range from ~4.5 to 6.0 g/L, of which ~1.0 g/L is 
contributed by the maltose and an equal amount by maltotriose.  Some metabolism of 
icodextrin also occurs in the peritoneal cavity during the dwell.  In contrast to dextrose-based 
solutions, absorption of icodextrin did not result in glycemia or an insulinemic response in 
the single dose pharmacokinetic study. 
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Plasma kinetics of icodextrin can be modeled using a one-compartment model with zero 
order absorption and first order elimination.  Kinetic parameters obtained from a single dose 
study closely predict steady-state values obtained in multidose studies.  Levels of icodextrin 
and metabolites return to baseline values within approximately one to two weeks after 
discontinuation of Extraneal, regardless of the duration of exposure (i.e., even following two 
years of daily administration).   Readministration of Extraneal results in a return to steady-
state levels similar to previous steady-state levels, with no evidence of a rebound effect.  
These findings suggest that icodextrin and metabolites are readily eliminated from the body 
and do not accumulate in a deep body pool.   

Renal excretion of icodextrin and metabolites occurs in patients with residual renal function, 
and excretion rates are directly correlated with renal creatinine or urea clearances.   
Elimination of metabolites from the blood into the dialysate occurs during subsequent 
exchanges for the metabolites maltose and maltotriose. 
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5.0 EFFICACY 

5.1 Introduction 

The efficacy of Extraneal was compared with dextrose solutions during long daily dwells 
of 8 to 16 hours in three key studies, ML/IB/001 (MIDAS), RD-97-CA-130, and PRO-
RENAL-REG-035. 

The primary efficacy parameter was net UF.  Secondary efficacy parameters were 
peritoneal creatinine clearance and peritoneal urea nitrogen or urea clearances (Studies 
RD-97-CA-130 and PRO-RENAL-REG-035).  The efficacy results for the three key 
studies are presented separately by study due to differences in dialysis method (CAPD vs. 
APD), control dextrose concentration, dwell time, and time points of assessments.  These 
different assessments yielded six efficacy comparisons for the three key studies which are 
summarized in Table 5A.  

Table 5A:  Efficacy Comparisons in Key Studies 

Study Dialysis 

Method 

Dextrose versus Extraneal 

Concentration and Dwell Time 

Time Points 

ML/IB/001 

(MIDAS) 

CAPD 1.5% dextrose versus  

Extraneal, 8-hour dwell 

Baseline, weeks 3, 

12, and 20 

  1.5% dextrose versus  

Extraneal, 12-hour dwell 

Baseline, weeks 4, 

13, and 21 

  2.5/4.25% dextrose versus  

Extraneal, 8-hour dwell 

Baseline, weeks 3, 

12, and 20 

  2.5/4.25% dextrose versus  

Extraneal, 12-hour dwell 

Baseline, weeks 4, 

13, and 21 

RD-97-CA-130 CAPD 2.5% dextrose versus 

Extraneal, 12 ± 4-hour dwell 

Baseline, weeks 2 

and 4 

PRO-RENAL-

REG-035 

APD 2.5% dextrose versus 

Extraneal, 14 ± 2-hour dwell 

Baseline, weeks 1, 

6, and 12 

 



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

 37 

5.2 Methodology for Efficacy Evaluations 

5.2.1 Primary Efficacy Evaluations 

Net UF is measured by subtracting the fill volume of the infused solution from the drain 
volume obtained at the end of the long dwell period. The fill volume is the volume (mL) 
of peritoneal dialysis solution in the solution container prior to infusion. The drain 
volume is measured by weighing (g) the total amount of fluid collected at the end of the 
dwell. Each mL of fluid was assumed to weigh 1 gram. 

5.2.2 Secondary Efficacy Evaluations 

Peritoneal creatinine and urea nitrogen or urea clearances for the long dwell exchange 
were measured by obtaining the appropriate dialysate and blood samples. Clearances were 
calculated using standard formulae. 

Clearances were calculated as follows: 

 Dialysate concentration (urea nitrogen, urea, or creatinine) X Drain volume / Dwell time  

 Plasma concentration (urea nitrogen, urea, or creatinine)  

 

5.3 Results for Primary Efficacy Endpoints 

5.3.1 Net Ultrafiltration (UF)  

Significant increases in fluid removal were achieved during the long dwell in patients in 
the Extraneal group compared to patients in the Control group for both 1.5% and 2.5% 
dextrose. The mean change from baseline for net UF was greater in the Extraneal group 
compared to the Control group for both 1.5% and 2.5% dextrose, and was comparable to 
4.25% dextrose for the 12-hour dwell (Figure 5A).  
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Figure 5A: Treatment Group Differences (90% Confidence 
Intervals) for Net UF from Each Efficacy Study 
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5.3.1.1 Results by treatment arm and dwell time  

RD-97-CA-130: Mean Net UF for 12-hour Dwell 

As displayed in Figure 5B, mean net UF was increased in the Extraneal group compared 
with the 2.5% dextrose group at both the week 2 and week 4 visits.  Analysis of 
covariance revealed that the mean changes in UF were significantly higher in the 
Extraneal group compared with the 2.5% dextrose group at both weeks 2 (p=0.008) and 4 
(p<0.001). 
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Figure 5B:  Study RD-97-CA-130; Mean UF in 2.5% Dextrose-Treated Patients Versus 
Extraneal-Treated Patients for the 12 ±±±± 4-hour Dwell 
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PRO-RENAL-REG-035 (APD): Mean Net UF for 14-hour Dwells 

At baseline, both groups had a negative mean net UF during the long dwell (Figure 5C).  
Within the first week the mean net UF was increased in the Extraneal group to a positive 
net UF (323 mL versus -136 mL).  Similar results were obtained at weeks 6 (292 mL 
versus -115 mL) and 12 (206 mL versus -165 mL). 

Analysis of covariance revealed that the mean changes in net UF from baseline were 
significantly higher in the Extraneal compared with the 2.5% dextrose groups at weeks 1, 
6, and 12 (p<0.001 at all 3 visits). 
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Figure 5C: Study PRO-RENAL-REG-035; Mean UF in 2.5% Dextrose-Treated Patients Versus 
Extraneal-Treated Patients for the 14 ±±±± 2-hour Dwell 
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MIDAS ML/IB/001:  Mean Net UF During 12-hour Dwells 

In the open label MIDAS study, patients were randomized to 7.5% icodextrin, “weak 
dextrose, 1.5%” or “strong dextrose, 2.5%, 3.5% or 4.25%”.  The specific strong dextrose 
solution used was determined by patient fluid management requirements and may have 
varied during the course of the study.  At study weeks 4, 13 and 21, ultrafiltration was 
measured for a 12-hour dwell, and the strong dextrose concentration recorded.  The 
number of dwells measured at weeks 4, 13 and 21 are shown below by dextrose 
concentration.   

 Number of 12-hour 
dwells reported 

Solution  
7.5% Icodextrin 1,231 
“Weak dextrose” (1.5%) 747 
“Strong dextrose” (2.5%) 24 
“Strong dextrose” (3.5%) 7 
“Strong dextrose” (4.25%) 556 
Total “Strong dextrose” 587 

 

Figure 5D presents the comparison of mean net UF for the Extraneal group and the 1.5% 
dextrose group at all time points for the 12-hour dwell.  Analysis of covariance revealed 
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that the mean changes in UF were significantly greater in the Extraneal group compared 
with the 1.5% dextrose group (p<0.001 at all 3 visits). 

Figure 5D:  Study ML/IB/001 (MIDAS); Mean UF in 1.5% Dextrose-Treated Patients versus 
Extraneal-Treated Patients for the 12-hour Dwell 
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Figure 5E presents the comparison between the Extraneal group compared with the 
2.5/4.25% dextrose group at all time points for 12-hour dwells.  Although the net UF was 
greater in the Extraneal group compared with the high dextrose group, analysis of 
covariance revealed that the mean changes in UF were not significantly different between 
the 2 treatment groups at weeks 4, 13 and 21. 

Figure 5E:  Study ML/IB/001 (MIDAS); Mean UF in 2.5/4.25% Dextrose-Treated Patients versus 
Extraneal-Treated Patients for the 12-hour Dwell 
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MIDAS ML/IB/001:  Mean Net UF During 8-hour Dwells 

In parallel with the controlled collections of 12-hour dwells during weeks 4, 13, and 21, 
patients were asked to also collect long dwells on their usual overnight exchanges. These 
measurements were determined on weeks 3, 12, and 20. These measurements were 
reflective of real life long dwells and the majority ranged from 7 to 11 hours. These 
collections have been referred to as “8-hour” dwells following the standard terminology 
in the medical field of describing overnight exchanges as consisting usually of 8 hours. 

In the “strong dextrose” group, approximately 3.3% of the dwells were using 2.5% 
dextrose.  The remaining “strong dextrose” dwells were performed with 4.25% dextrose. 

Figure 5F presents the comparison of mean net UF for the Extraneal group and the 1.5% 
dextrose group at all time points for the 8-hour dwell. Analysis of covariance revealed 
that the mean changes in UF were significantly greater in the Extraneal group compared 
with the 1.5% dextrose group at weeks 3, 12, and 20 (p<0.001 at all three visits). 

Figure 5F: Study ML/IB/001 (MIDAS); Mean UF in 1.5% Dextrose-Treated Patients versus 
Extraneal-Treated Patients for the 8-hour Dwell 
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Figure 5G presents the comparison of mean net UF for the Extraneal group and the 
2.5/4.25% dextrose group at all time points for the 8-hour dwell.  Analysis of covariance 
revealed that the mean changes in net UF between the Extraneal and the 
2.5/4.25% dextrose treatment groups were significantly different at week 3 (p=0.011), but 
not significantly different at weeks 12 (p=0.246) and 20 (p=0.372). 
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Figure 5G: Study ML/IB/001 (MIDAS); Mean UF in 2.5/4.25% Dextrose-Treated Patients versus 
Extraneal-Treated Patients for the 8-hour Dwell 
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5.3.1.2 Patients With Negative Net UF for the Long Dwell Exchange 

An alternate way of examining efficacy of a solution during the long dwell is to determine 
the proportion of patients experiencing negative net ultrafiltration defined as a drain 
volume numerically smaller than the instilled volume. 

RD-97-CA-130:  Percentage of Patients who have Negative Net UF 

The percentage of patients with negative net ultrafiltration was significantly reduced in 
the Extraneal group compared with the 2.5% dextrose group at weeks 2 (p=0.004) and 4 
(p<0.001) (Figure 5H). 
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Figure 5H: RD-97-CA-130; Percentage of Patients who have Negative Net UF for the 12 ±±±± 4 hour 
Dwell (2.5% Dextrose versus Extraneal) 
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PRO-RENAL-REG-035: Percentage of Patients who have Negative Net UF 

The percentage of patients who have negative net UF was significantly reduced in the 
Extraneal group compared with the 2.5% dextrose group at all time points (p<0.001) 
(Figure 5I). 

Figure 5I: PRO-RENAL-REG-035: Percentage of Patients who have Negative Net UF for the 
14 ±±±± 2-hour Dwell (2.5% Dextrose versus Extraneal) 
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ML/IB/001 (MIDAS): Percentage of Patients with Negative UF in MIDAS Study for  
8- and 12-hour Dwells 

For the 8-hour dwells, the percentage of patients with negative net UF was significantly 
reduced in the Extraneal group compared with the 1.5% dextrose group at all time points 
(p<0.001) (Figure 5J). 

Figure 5J:  ML/IB/001 (MIDAS); Percentage of Patients with Negative Net UF for the 8-hour Dwell 
(1.5% Dextrose versus Extraneal) 
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The percentage of patients with negative net UF at Baseline was 3% in both the Extraneal 
and the 2.5/4.25% dextrose treatment groups (Figure 5K).  Although the percentage of 
patients with negative net UF was lower in the Extraneal group than in the 2.5/4.25% 
dextrose group, the reduction was not statistically significant.   
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Figure 5K: ML/IB/001 (MIDAS); Percentage of Patients with Negative Net UF for the 8-hour Dwell 
(2.5/4.25% Dextrose versus Extraneal) 
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For the 12-hour dwell, the percentage of patients with negative net UF was significantly 
reduced in the Extraneal group compared with the 1.5% dextrose group at weeks 4 (5% 
versus 31%; p=0.001), 13 (3% versus 39%; p<0.001), and 21 (0% versus 26%, p=0.001) 
(Figure 5L). 

Figure 5L:  ML/IB/001 (MIDAS); Percentage of Patients with Negative Net UF 
in the 12-hr dwell (1.5% Dextrose versus Extraneal) 
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Figure 5M illustrates the percentage of patients with negative net UF at Baseline, and 
weeks 4, 13, and 21 in the 2.5/4.25% dextrose arm of ML/IB/001 (MIDAS) for the 
12-hour dwell.  Although the percentage of patients with negative net UF was reduced in 
the Extraneal group compared with 2.5/4.25% dextrose group at weeks 4, 13, and 21, this 
reduction was not statistically significant.   



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

 47 

Figure 5M: ML/IB/001 (MIDAS); Percentage of Patients with Negative Net 
UF (2.5/4.25% Dextrose versus Extraneal) 
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5.4 Results for Secondary Efficacy Endpoints 

These evaluations were completed using the 2.5% dextrose active treatment as a 
comparator. 

5.4.1 Creatinine Clearance for the Long Dwell Exchange 

Creatinine clearance was significantly greater for Extraneal than the dextrose based 
solution during the long dwell exchange (Table 5B).  
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Table 5B: Mean and Mean Change From Baseline for  

Peritoneal CreatinineClearance (mL/min) 
 RD-97-CA-130 PRO-RENAL-REG-035 
 2.5% Dextrose  Extraneal 2.5% Dextrose Extraneal 
Week 1 (14±2-hr Dwell)     
N   19 20 
Mean ± SEM   2.19 ± 0.14 2.55 ± 0.10* 
Mean Change ± SEM   0.10 ± 0.15 0.45 ± 0.07* 
Week 2 (12±4-hr Dwell)     
N 82 84   
Mean ± SEM 3.44 ± 0.11 4.09 ± 0.12*   
Mean Change ± SEM 0.01 ± 0.12 0.64 ± 0.11*   
Week 4 (12±4-hr Dwell)     
N 81 81   
Mean ± SEM 3.51 ± 0.13 4.00 ± 0.10*   
Mean Change ± SEM 0.10 ± 0.13 0.56 ± 0.08*   
Week 6 (14±2-hr Dwell)     
N   18 17 
Mean ± SEM   2.20 ± 0.13 2.66 ± 0.12* 
Mean Change ± SEM   0.00 ± 0.06 0.58 ± 0.11* 
Week 12 (14±2-hr Dwell)     
N   17 17 
Mean ± SEM   2.10 ± 0.11 2.54 ± 0.09* 
Mean Change ± SEM   0.05 ± 0.08 0.46 ± 0.08* 

* p<0.05 vs. dextrose 

 
5.4.2 Urea Nitrogen and Urea Clearances for the Long Dwell Exchange 

Urea nitrogen clearance and urea clearance were significantly greater for Extraneal than 
the dextrose based solution during the long dwell exchange (Table 5C).  
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Table 5C:  Mean and Mean Change From Baseline for Peritoneal Urea Nitrogen and Urea 

Clearances (mL/min) 
 RD-97-CA-130** PRO-RENAL-REG-035** 
 2.5% Dextrose Extraneal 2.5% Dextrose Extraneal 

Week 1 (14±2-hr Dwell)     

N   19 20 

Mean ± SEM   2.28 ± 0.14 2.62 ± 0.10* 

Mean Change ± SEM   0.07 ± 0.15 0.45 ± 0.08* 

Week 2 (12±4-hr Dwell)     

N 82 84   
Mean 4.12 ± 0.13 4.56 ± 0.11*   

Mean Change ± SEM -0.06 ± 0.13 0.34 ± 0.11*   

Week 4 (12±4-hr Dwell)     

N 82 80   
Mean 4.12 ± 0.13 4.53 ± 0.11*   

Mean Change ± SEM -0.04 ± 0.11 0.31 ± 0.09*   

Week 6 (14±2-hr Dwell)     

N   18 17 
Mean   2.34 ± 0.15 2.74 ± 0.12* 

Mean Change ± SEM   0.01 ± 0.07 0.59 ± 0.11* 

Week 12 (14±2-hr Dwell)     

N   17 17 
Mean   2.27 ± 0.14 2.63 ± 0.09* 

Mean Change ± SEM   -0.01 ± 0.09 0.47 ± 0.09* 
** Peritoneal urea nitrogen clearance was measured in RD-97-CA-130 and peritoneal urea clearance was measured in 

PRO-RENAL-REG-035. 

* p<0.05 vs. dextrose 

5.5 Overall Efficacy Conclusion  

Results of the three key studies demonstrate that net UF was significantly greater in 
patients treated with Extraneal compared with the 1.5% or 2.5% dextrose solutions for 
long peritoneal dialysis dwell times up to 16 hours. In the MIDAS study, which evaluated 
4.25% dextrose, net UF was comparable between patients treated with Extraneal and 
4.25% dextrose solution.  

The number of patients who experienced negative net UF was significantly reduced in 
Extraneal-treated patients compared with dextrose-treated patients. 
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The increased net UF observed with Extraneal compared with 1.5% or 2.5% dextrose was 
associated with significantly greater peritoneal clearance of creatinine and urea nitrogen 
or urea.   

Subgroup analyses were conducted for age, gender, diabetes, hypertension, and race. The 
results for net UF and peritoneal creatinine, urea nitrogen and urea clearances for the 
subgroup analyses were comparable to those of the main population. 
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6.0 SAFETY 

6.1 Safety Analysis Population 

6.1.1 Clinical Studies Evaluating Safety 

Four Key Clinical Studies and 5 Supportive Studies were used to evaluate the safety of 
Extraneal (see Tables 6A and 6B).  A total of 840 (347 control and 493 Extraneal) 
patients were evaluable for safety, meaning that they received at least one dose of 
Extraneal or Control. A total of 197 patients are included more than once due to study 
design (crossover study, rollover extension, or substudy).  Of the 840 total patients 
included in the safety analyses, 643 of these patients were unique patients (277 control, 
366 Extraneal).  However, medical events were counted per study, therefore the incidence 
rates are based upon patients exposed per study.  All control groups were active controls 
on 1.5%, 2.5% or 4.25% dextrose solutions.   

Studies were designated as “Key” or “Supportive”.  Key studies were those considered to 
meet all of the requirements of adequate and well-controlled studies, per 21 CFR 
314.126, intended to demonstrate efficacy and or safety for the proposed indication.  Key 
studies for safety and efficacy are RD-97-CA-130, MIDAS (ML/IB001), PRO-RENAL-
REG-035, and for safety RD-97-CA-131.  Supportive studies were additional studies, 
which provide evidence for evaluation of the safety and or efficacy of Extraneal, but were 
intended to evaluate specific effects (e.g. pharmacokinetics, uncontrolled extension, etc.).  
Supportive studies included RD-99-CA-060, MIDAS-2 (ML/IB004), DIANA (ML/I011), 
MIDAS S-5 (ML/IB014), and DELIA (ML/IB009).  The integrated database for safety 
included data from both the Key and supportive studies. 

Safety analyses were conducted separately for the following subpopulations: patients with 
diabetes, patients with hypertension, and patients with a primary diagnosis of 
hypertensive nephropathy, as well as for demographic subpopulations by age, gender, and 
race. Unless described otherwise, all analyses presented were performed using the 
integrated database of all Key and Supportive studies. 

A summary, by study, of the total safety population and patients contributed by each 
study is presented in Table 6A.  

 



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

 52 

Table 6A:  Safety Database Clinical Studies 
Study Control Group Extraneal Group Total Patients 

Key Studies
RD-97-CA-130 85 90 175 
RD-97-CA-131 112 175 287 
ML/IB/001 (MIDAS) 103 106 209 
PRO-RENAL-REG-035 19 20 39 
Total Key Studies 319 391 710 
Supportive Studies
ML/IB/011 (DIANA) 19 19 38 
ML/IB/020 (DELIA) 9 10 19* 
ML/IB/004 (MIDAS-2) -- 48 48 
RD-99-CA-060 -- 13 13 
ML/IB/014 (S-5) -- 12 12 
Total Supportive Studies 28 102 130 
Total All Studies 347 493 840
*DELIA population data from Baxter.  One patient received no drug and is not included in this 
table; 2 patients received icodextrin only; 1 received control only; a total of 12 patients were 
enrolled. 

 

6.1.2 Safety Assessments 

The following parameters were evaluated as described below: 

• Peritoneal Equilibration Tests were performed to determine if any changes in the 
peritoneal membrane were taking place (RD-97-CA-130, RD-97-CA-131, Pro-
Renal-Reg-035)  

• Clinical laboratory tests were performed at baseline and at varying intervals 
depending on the study.  

• Plasma was assayed for icodextrin and metabolites during the Key Studies. 

• Evidence of fluid imbalance was evaluated by measuring changes in weight and 
by signs/symptoms of edema.  These variables were recorded during the physical 
examination and/or as adverse events during Study RD-97-CA-131.  

• Vital signs such as body weight were recorded at every study visit for all studies. 

• In order to assess whether Extraneal had any impact on quality of life, as 
compared to Dextrose Solutions, the Kidney Disease Quality of Life (KDQoL) 
Questionnaire was administered during the long-term safety study, RD-97-CA-
131. 
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• To evaluate effects of Extraneal on weight gain, observed in dextrose-based 
solutions, body weight was assessed as a secondary endpoint in long-term study 
RD-97-CA-131. 

• Mortality assessment was planned for long-term study RD-97-CA-131, and 
evaluated across all controlled studies of Extraneal. 

 

Safety measurements and timing of assessments for individual studies are described in 
Table 6B.
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Table 6B:  Clinical Safety Assessments of Extraneal in Patients with ESRD 
Protocol Number N Study Design Duration AEs 

Reported  
Through 

Safety1 

Labs  
Icodextrin2 

and 
metabolites  

Other Safety testing 

Key Studies 
RD-97-CA-130 Total 

=175 
 
I = 90 
 
C = 85 

Prospective, randomized, double-
blind, and parallel group, active-
controlled study comparing the 
efficacy and safety of Extraneal 
(7.5% icodextrin) with that of 
Dianeal for the overnight dwell in 
CAPD patients. 

4 weeks 4 weeks with a 
30-day follow-
up post 
completion/ 
discontinuation 

Baseline 
Week 4 
  
 
 
 

Baseline 
Week 4 

Peritoneal Equilbration Test (PET) 
baseline 
Chest X-ray was measured at Baseline 
only 
HbA1c collected at Baseline and Week 4 
for diabetics only 

RD-97-CA-131 Total = 
287 
 
I = 175 
 
C = 112 

Prospective, randomized, double 
blind, and parallel group, active-
controlled study comparing the 
safety of Extraneal (7.5% 
icodextrin) with that if Dianeal 
for the long dwell in PD patients.  
Patients treated by both CAPD 
and APD were included. 

52 weeks 52 weeks with 
a 30-day 
follow-up post 
completion/ 
termination-13 
months from 
initiation for 
mortality. 

Baseline 
Week 13 
Week 26 
Week 39 
Week 52 
 

Baseline 
Week 13 
Week 26 
Week 39 
Week 52 
 

PET at Baseline, weeks 26 and 52 
Chest X-ray was measured at Baseline and 
week 52 
HbA1c collected at Baseline, Weeks 13, 
26, 29 and 52 for diabetics only 

ML/IB/001 Total = 
209 
 
I = 106 
 
C = 103 

Open, randomized, active- 
controlled, parallel group study 
comparing the efficacy and safety 
of 7.5% Icodextrin with that of 
dextrose for the long overnight 
dwell in CAPD patients. 

6 months 6 months Baseline 
Visit 2 
Visit 4 
Visit 6 
Visit 8 
Visit 9 
Visit 10 
Visit 11 
Visit 12 

Baseline 
Visit 2 
Visit 6* 
Visit 9* 
Visit 12 
 

Chest X-ray, eye exam and ECG were 
measured at Baseline and Visits 2 and 12. 

I = 7.5% icodextrin = Extraneal; C = control (Dianeal)  
1 = Safety Labs include biochemistry, hematolgy with differential and platelets, and osmolality  
2 = Icodextrin and metabolites were measured in plasma and dialysate. Icodextrin was only measured in dialysate for RD-97-CA-131.  ML/IB/001 measured icodextrin and metabolites 
in plasma only 
* = Plasma icodextrin (Dextrin 20) for weeks 6 and 9 were only measured in the Dextrin 20 group  
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Table 6B (continued):  Clinical Safety Assessments of Extraneal in Patients with ESRD 

Protocol Number N Study Description Duration AEs 
Reported  
Through 

Safety1 

Labs 
Obtained 

at 

Icodextrin2 
and 

metabolites 
Obtained at  

Other Safety testing 

Key Studies (continued) 
Pro-Renal-Reg-
035 

Total = 
39 
 
I = 20 
 
 
C = 19 

Open-label, randomized, 
parallel group, active-
controlled study to compare 
the efficacy and safety of 
Extraneal 7.5% icodextrin 
with that of 2.27% glucose 
(Dianeal PD4) for the long 
daytime dwell in APD 
patients. 

16 weeks 16 weeks  Visit –2 
Visit  -1 
Visit 1 
Visit 2 
Visit 3 
Visit 5 

Visit –1 
Visit 1 
Visit 2 
Visit 3 
Visit 4 
Visit 5 

24 hour urine collection Baseline and 
Visit 3 
PET at Visit –1 and 3 
Diabetic diary collected at Baseline, 
Visit 1 and 2 
HbA1c collected at baseline , visit 1, 
2, 3 and 5 for diabetics only 

Supportive Studies 
ML/IB/020 Total = 

11 
 
I = 11 

7 patients  
completed 
both arms 

Open, two-way crossover 
study to evaluate the safety, 
efficacy, and patient 
acceptability of Extraneal for 
the long  (14-16- hour) dwell 
in APD patients. 

6 weeks 
per 
treatment 
(4-week 
washout 
between) 

20 weeks Baseline 
Visit 2 
Visit 3 
Visit 4 
Visit 5 
Visit 6 
Visit 7 
Visit 8 

Baseline3 
Visit 2 
Visit 3 
Visit 4 
Visit 5 
Visit 6 
Visit 7 
Visit 8 

 

I = 7.5% icodextrin = Extraneal; C = control (Dianeal) 
1 = Safety Labs include biochemistry, hematology with differential and platelets, and osmolality including lipids for PRO-RENAL-REG-035 
2 = Icodextrin and metabolites were measured in plasma and dialysate, dialysate was not collected at Week 4 for PRO-RENAL-REG-035. Icodextrin was only measured in dialysate for 
PRO-RENAL-REG-035 
3 = Icodextrin was measured in the serum.  Dialysate icodextrin was measured at Visit 4 and 7 only for ML/IB/020. 
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Table 6B (continued):  Clinical Safety Assessments of Extraneal in Patients with ESRD 
Protocol Number N Study Description Duration AEs 

Reported  
Through 

Safety1 

Labs 
Obtained 

at 

Icodextrin2 
and 

metabolites 
Obtained at  

Other Safety testing 

Supportive Studies (continued) 
ML/IB/011 Total = 

38 
 
I = 19 
 
 
C = 19 

Open-label, randomized,  
active-controlled, parallel 
group study comparing 
icodextrin with glucose for the 
long daytime dwell 
(12-16 hours) in APD patients 
in the Netherlands. 

24 months 24 months Baseline 
Visit 2 
Visit 3 
Visit 4 
Visit 5 
Visit 6 
Visit 7 
Visit 8 
Visit 9 

Baseline 
Visit 2 
Visit 3 
Visit 4 
Visit 5 
Visit 6 
Visit 7 
Visit 8 
Visit 9 

HbA1c collected at  Visit 1, 2, 3, 4, 5, 
6, 7, 8 and 9 for diabetics only 
Peritoneal Histology collected at Visit 
1, 3, 5, 7 and 9 
In vitro (effluent) collected to measure 
perioneal macrophage IL-1 
production, Opsonin, IL-6, IL-8 TGF-
β, TNF-α, CA-125, Procollagen, 
Glycated albumin at Visits 1, 2, 3, 4, 
5, 6, 7, 8 and 9 
Lipids collected at Visits 1, 3, 5, 7 and 
9 

ML/IB/004 Total = 
48 
 
I = 48 

Open-label, long-term 
extension study to evaluate the 
safety of icodextrin in CAPD 
patients who have already 
received 6 months of therapy 
during the MIDAS study. 

Varied; 
until 
treatment 
failure 

As long as 
patient 
continued in 
trial  

Every 3 
months 

Every 6 
months 

Eye examination at 6 month intervals 

RD-99-CA-060 Total = 
13 
 
I = 13 

Open, prospective, single 
exchange, pharmacokinetic 
study 

Single, 
12-hour 
dwell; 
patients 
followed 
for 28 
days 

28 days Baseline 
Day 3 
Day 7 
Day 14 
Day 28 

Baseline4 
2 hours 
4 hours 
8 hours 
12 hours 
Day 3 
Day 7 
Day 14 
Day 28 

Dialysate sample and 24 hour Urine 
sample collected at baseline 
 

I = 7.5% icodextrin = Extraneal; C = control (Dianeal) 
4= in addition to the collection after initial instillation of icodextrin, ten minutes after the first post study dwell is instilled and at the end of each dialysis exchange for all exchanges 
following the study dwell exchange for the first 24 hours of the study were collected. 



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

 57 

Table 6B (continued):  Clinical Safety Assessments of Extraneal in Patients with ESRD  
Protocol Number N Study Description Duration AEs 

Reported  
Through 

Safety1 

Labs 
Obtained 

at 

Icodextrin 
and 

metabolites 
Obtained at  

Other Safety testing 

Supportive Studies (continued) 
ML/IB/014 Total = 

12 
 
12 
patients 
received 
both 
treatment
s 

Open, prospective 
pharmacokinetic study; 
sub-study of MIDAS-2; 
patients received dextrose 
solution  

1 
dwell/day 
for 3 
weeks, 
then 
icodextrin 
solution 1 
dwell/day 
for 2 
weeks 

5 weeks Visit 1 
Visit 3 
Visit 4 

Day 15 
Day 3 
Day 5 
Day 8 
Day 11 
Day 15 
Day 22 
Day 26 
Day 29 
Day 33 
Day 36 

 

I = 7.5% icodextrin = Extraneal; C = control (Dianeal) 
5 = dialysate samples were collected at Day 2, 3, 22-35 from the overnight dwell 
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6.1.1.1 Baseline Demographics and Clinical Characteristics 

Baseline demographics for all studies are presented in Table 6C.  Overall demographic 
characteristics were well balanced between the Extraneal and Control groups although 
there was a slightly higher percentage of males in the Extraneal group.   

 

Table 6C:  Baseline Demographics for Safety Population  
 Control Group 

N = 347 
Extraneal Group 

N = 493 
All Patients 

N = 840 
Age (yrs)
Mean ± SE 54.1± 0.76 53.9 ± 0.63 54.0 ± 0.48 
Range 19 – 86 18 – 83 18 - 86 
Weight (kgs)
Mean ± SE 74.4 ± 0.82 75.6 ± 0.69 75.1 ±0.53 
Range 44.4 – 145.4 37.0 – 140.5 37.0 – 145.4 

Control Group Extraneal Group All Patients
 n % n % n % 
Gender
Male 175 50.4 278 56.4 453 53.9 
Female 172 49.6 215 43.6 387 46.1 

Race
Caucasian 257 74.1 360 73.0 617 73.5 
Hispanic 10 2.9 14 2.8 24 2.9 
Asian 12 3.5 22 4.5 34 4.0 
Black 62 17.9 90 18.3 152 18.1 
Other 6 1.7 7 1.4 13 1.5 

 

Baseline clinical characteristics were similar for both groups (Table 6D). There were 
approximately 7% more patients described as hypertensive at baseline in the Extraneal 
group. 
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Table 6D:  Baseline Clinical Characteristics 
 Control Group 

N = 347 
Extraneal Group 

N = 493 
All Patients 

N = 840 
 n % n % n % 

Primary Renal Diagnosis
Diabetic nephropathy 74 21.3 102 20.7 176 21.0 
Hypertensive nephropathy 68 19.6 114 23.1 182 21.7 
Glomerulonephritis 68 19.6 87 17.6 155 18.5 
Polycystic kidney disease 22 6.3 28 5.7 50 6.0 
Interstitial nephritis 11 3.2 23 4.7 34 4.0 
Obstructive nephropathy 2 0.6 5 1.0 7 0.8 
Autoimmune disease 9 2.6 7 1.4 16 1.9 
Other 93 26.8 127 25.8 220 26.2 
Diabetic
Yes 94 27.1 132 26.8 226 26.9 
No 244 70.3 350 71.0 594 70.7 
Not recorded 9 2.6 11 2.2 20 2.4 
Hypertensive*
Yes 147 42.4 243 49.3 390 46.4 
No 200 57.6 250 50.7 450 53.6 
Hypertensive Nephropathy
Yes 68 19.6 114 23.1 182 21.7 
No 279 80.4 379 76.9 658 78.3 
*  Systolic pressure >140 mmHg and/or diastolic pressure >90 mmHg at baseline 

 
Approximately one half of the patients identified as diabetic at baseline had the type of 
diabetes designated as Type I or Type II; the remaining diabetic patients did not have the 
type of diabetes described.  Of those patients who were identified as having Type I or 
Type II diabetes, 12.2% more patients in the Extraneal group had Type I diabetes 
(Extraneal 35.6%, Control 23.4%).   

 
6.1.1.2 Peritoneal Permeability Assessment  

Peritoneal equilibration test (PET) was performed to assess membrane function at 
baseline and during three studies (RD-97-CA-130, RD-97-CA-131, PRO-RENAL-REG-
034). There were no differences in mass transfer area coefficients for urea, creatinine, and 
glucose over the duration of these studies between Extraneal and the control group. 

6.1.1.3 Extent of Exposure 

The mean duration of exposure was longer in the Extraneal group (232.5 days compared 
to Control of 174.3 days) because the drug was studied in a greater number of patients in 
the two longer-term studies:  MIDAS-2 (ML/IB/004) and RD-91-CA-131.  MIDAS-2 was 
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a long-term extension of MIDAS. Only patients receiving icodextrin were included in 
MIDAS-2. In RD-97-CA-131, 60% of patients were randomized to Extraneal for up to 12 
months.  Table 6E presents a summary of the duration of exposure to study drug for all 
studies.   

Table 6E:  Duration of Exposure For Clinical Studies   
  Control Group Icodextrin 

Group 
        

  N Percent N Percent 
        
Duration Categories (days)       
    <30  78  22.5 103  20.9 
    30 - <90  51  14.7  75  15.2 
    90 - <180  93  26.8 100  20.3 
    180 - <360  50  14.4  60  12.2 
    >=360  75  21.6 155  31.4 
    TOTALS 347 100.0 493 100.0 

  
 

 

6.1.1.4 Concomitant Medications-Key Studies 

 
Use of concomitant medications was evaluated for the Key studies and the supportive 
study RD-99-CA-060 (pharmacokinetic study).  The most commonly reported therapeutic 
class for both treatment groups was anti-anemic agents, used by 67.3% of Extraneal and 
64.3% of Control patients.  

At baseline, more patients randomized to Extraneal were using antithrombotic agents, 
antacids, beta blockers, renin-angiotensin system agents, and cardiac therapy.  More 
control patients were using agents identified as “unknown” class at baseline.  

In the analysis of medication use for the entire study duration (including baseline), more 
patients on Extraneal used medications in the most commonly used therapeutic classes, 
except for the classification of “unknown”.  Summaries of concomitant medications by 
therapeutic class in which incidence of use differed by at least 5% between treatment 
groups in the Key Studies are presented in Table 6F (baseline data) and Table 6G (data 
during all study periods, including baseline). 
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Table 6F:  Summary of Use of Concomitant Medications With ≥≥≥≥5% Difference Between 
Treatment Groups at Baseline – Key Studies 

 Control Group 
(N=319) 

Extraneal Group 
(N=391) 

Medication Therapeutic Class n % n % 
Antithrombotic agents 68 21.3 120 30.7
Antacids, drugs for treatment of peptic ulcer and 
flatulence 

70 21.9 109 27.9 

Unknown 103 32.3 105 26.9 
Beta blocking agents 44 13.8 85 21.7 
Agents acting on the renin-angiotensin system 24 7.5 57 14.6 
Cardiac therapy 25 7.8 52 13.3 

 
Table 6G:  Summary of Use of Concomitant Medications for All Study Periods With ≥≥≥≥5% 

Difference Between Treatment Groups – Key Studies 
 Control Group 

(N=319) 
Extraneal Group 

(N=391) 
Medication Therapeutic Class n % n % 
Vitamins 195 61.1 261 66.8
Mineral supplements 193 60.5 257 65.7 
Laxatives 118 37.0 165 42.2 
Antibacterials for systemic use 110 34.5 161 41.2 
Antacids, drugs for treatment of peptic ulcer & flatulence  94 29.5 154 39.4 

Antithrombotic agents 96 30.1 152 38.9 
Antihypertensives 81 25.4 127 32.5 
Beta blocking agents 63 19.7 109 27.9 
Unknown Class 103 32.3 106 27.1 
Psycholeptics 65 20.4 100 25.6 
Agents acting on the renin-angiotensin system 39 12.2 87 22.3 
Cardiac therapy 34 10.7 72 18.4 
Corticosteroids, dermatological preparations 14 4.4 38 9.7 

 
 

6.1.2 Patient Disposition 

Patient Disposition was evaluated for the integrated database of all studies as well as for 
Key and Supportive studies independently.  Results for patient disposition were similar 
for Extraneal and Control groups (Table 6H). 

In all clinical studies, approximately 66 % of Extraneal patients and 71% of control 
patients completed the study.  Adverse experience was the most frequent reason for 
premature withdrawal in both groups (13.4% Extraneal, 11.8% Control), followed by 
Other (9.7% Extraneal, 6.9% Control), Transplantation (6.5% Extraneal, 4.6% Control), 
death and protocol violation.  The category of “Other” includes patients who switched 
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treatment modality (e.g. CAPD to APD), switched to hemodialysis, requested withdrawal 
for non-medical reasons, or regained renal function. 

Table 6H:  Disposition of Patients 

 Control Group Extraneal Group 
 n % n % 
ALL STUDIES N=347 N=493
Completed Study 246 70.9 323 65.5 
Prematurely Discontinued Study 101 29.1 170 34.5 
Transplantation 21 6.1 42 8.5 
Adverse experience 41 11.8 66 13.4 
Death 11 3.2 18 3.7 
Protocol violation 11 3.2 7 1.4 
Other 17 4.9 37 7.5 
 

 
 

6.2 Adverse Events 

6.2.1 Overall Adverse Events 

An adverse event was defined as any untoward medical occurrence in a patient who had 
been enrolled in a study (baseline), which may or may not have a causal relationship with 
study treatment.  Adverse events were recorded for the duration of the study as specified 
in the study protocol in all clinical trials. All patients who received at least one dose of 
study drug were included in the safety analyses.    

A listing of all adverse events from the 840 patients in enrolled in the clinical studies for 
Extraneal, reported through the duration of the study, can be found in Appendix 2. At 
least one adverse event was reported by 87.0% of Extraneal and 84.1% of control 
patients. The extent of the adverse events reported was not unexpected due to the high 
number of comorbid conditions observed in end stage renal disease patient, regardless of 
the treatment modality for renal replacement therapy. The Healthcare Finance 
Administration (HCFA) medical evidence form describes hypertension (73.9%), diabetes 
(64.4%), congestive heart failure (33.4%) and ischemic heart disease (24.6%) as the most 
common comorbid conditions.  The percentages of the patients in each treatment group 
having adverse events rated as severe and moderate were comparable.   

Adverse events reported by > 5% of patients in all studies, regardless of relationship 
assessment are presented in Table 6I.   Only one event, rash, was identified as being 
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reported with an incidence differing by 5% or more between treatment groups.  Rash was 
reported by 10.1% of Extraneal patients as compared with 4.6% of Control patients. 

Events reported with an incidence differing by 3% or more between treatment groups are 
shown below: hypotension and hypokalemia were reported by more patients in the 
Control group, while hypertension and rash were reported by more patients treated with 
Extraneal. 

  Rash   10.1% Extraneal,   4.6% Control 
  Hypertension  12.6% Extraneal,   8.4% Control 
  Hypotension   6.5% Extraneal, 10.7% Control 
  Hypokalemia   6.9% Extraneal,  10.7% Control 
   

Overall, events described as possibly, probably, or definitely related to study drug were 
reported by 28.2% of Extraneal patients and 25.7% of control patients.  Approximately 
one-third of patients with adverse events in either treatment group had no relationship 
assessments.  

 The percentages of reports of rash, hypertension, hypotension, and hypokalemia 
considered related to treatment for Extraneal and Control were:  

  Rash    5.5% Extraneal  1.7% Control  
  Hypertension   2.6% Extraneal  0.9% Control 
  Hypotension   3.2% Extraneal 4.9% Control 
  Hypokalemia  0% Extraneal   1.7% Control 
 
 
The incidence of all adverse events reported as related (possibly, probably or definitely) is 
summarized in Table 6J.
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Table 6I:  Adverse Events Experienced by ≥≥≥≥5% of Patients by Body System and Preferred Term 
 

COSTART BODY SYSTEM 
Preferred Term 

Control Group 

(N=347) 

Extraneal Group 
(N=493) 

 n % n % 

BODY GENERAL     
 Peritonitis 88 25.4 130 26.4 
 Exit site infection 58 16.7 73 14.8 
 Pain 43 12.4 48 9.7 
 Headache 23 6.6 43 8.7 
 Pain, abdominal 20 5.8 39 7.9 
 Flu syndrome 21 6.1 35 7.1 
 Injury accidental 14 4.0 31 6.3 
 Asthenia 27 7.8 28 5.7 
 Lab test abnormality 12 3.5 25 5.1 
 Pain chest 12 3.5 25 5.1 
 Pain back 18 5.2 22 4.5 
 Infection 19 5.5 21 4.3 
CARDIOVASCULAR     
 Hypertension 29 8.4 62 12.6 
 Hypotension 37 10.7 32 6.5 
DIGESTIVE     
 Diarrhea 33 9.5 40 8.1 
 Nausea 17 4.9 35 7.1 
 Nausea vomiting 21 6.1 25 5.1 
 Dyspepsia 13 3.7 25 5.1 
 Vomiting 19 5.5 22 4.5 
HEMATOLOGIC & LYMPHATIC     
 Anemia 39 11.2 55 11.2 
METABOLIC & NUTRITION     
 Hypokalemia 37 10.7 34 6.9 
 Hypoproteinemia 32 9.2 34 6.9 
 Hypervolemia 20 5.8 28 5.7 
 Edema 17 4.9 28 5.7 
 Hyperphosphatemia 26 7.5 25 5.1 
 Hyperglycemia 12 3.5 25 5.1 
 Edema peripheral 29 8.4 18 3.7 
MUSCULOSKELETAL     
 Arthralgia 27 7.8 31 6.3 

NERVOUS     
       Dizziness 19 5.5 27 5.5 
RESPIRATORY     
 Upper respiratory infection 46 13.3 74 15.0 
 Cough increase 13 3.7 35 7.1 
 Dyspnea 24 6.9 26 5.3 
SKIN     
 Rash 16 4.6 50 10.1 
 Pruritus 23 6.6 27 5.5 
 Skin disease 18 5.2 11 2.2 
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Table 6J:  Incidence of Related Adverse Eventsby COSTART Body System and Preferred Term  (Page 1 of 4) 
 

    Control Group 
(N=347) 

Extraneal 
Group (N=493) 

COSTART Body System COSTART Preferred Term N Percent N Percent 
BODY GENERAL LAB TEST ABNORMALITY    6   1.7   13   2.6 
  PAIN, ABDOMINAL    0   0.0    8   1.6 
  HEADACHE    1   0.3    7   1.4 
  ASTHENIA    4   1.2    6   1.2 
  PERITONITIS    4   1.2    3   0.6 
  FLU SYNDROME    0   0.0    3   0.6 
  PAIN CHEST    1   0.3    2   0.4 
  PAIN NECK    1   0.3    2   0.4 
  PAIN    2   0.6    1   0.2 
  PD CATH DYSFUNCTION    2   0.6    1   0.2 
  EDEMA FACE    0   0.0    1   0.2 
  EFFLUENT BLOODY    0   0.0    1   0.2 
  INFECTION    0   0.0    1   0.2 
  INJURY ACCIDENTAL    0   0.0    1   0.2 
  PAIN BACK    2   0.6    0   0.0 
CARDIOVASCULAR HYPOTENSION   17   4.9   16   3.2 
  HYPERTENSION    3   0.9   13   2.6 
  HYPOTENS POST    2   0.6    1   0.2 
  TACHYCARDIA    1   0.3    1   0.2 
  CARDIOVASC DISEASE    0   0.0    1   0.2 
  SYNCOPE    2   0.6    0   0.0 
  CEREBROVASC ACCIDENT    1   0.3    0   0.0 
  PALPITATION    1   0.3    0   0.0 
DIGESTIVE ANOREXIA    5   1.4    4   0.8 
  DIARRHEA    0   0.0    3   0.6 

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Extraneal group.   
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 Table 6J (Page 2 of 4) :Incidence of Related Adverse Events by COSTART Body System and Preferred Term   
 
 
 

    Control Group 
(N=347) 

Extrnael Group 
(N=493) 

COSTART Body System COSTART Preferred Term N Percent N Percent 
DIGESTIVE (CONT.) LIVER FUNC ABNORM    0   0.0    3   0.6 
  DYSPEPSIA    3   0.9    2   0.4 
  NAUSEA VOMIT    1   0.3    2   0.4 
  CONSTIP    0   0.0    2   0.4 
  GI DIS    0   0.0    2   0.4 
  NAUSEA    4   1.2    1   0.2 
  VOMIT    1   0.3    1   0.2 
  FLATUL    0   0.0    1   0.2 
  GASTRITIS    0   0.0    1   0.2 
  OBSTRUCT INTEST    0   0.0    1   0.2 
  ULCER STOMACH    0   0.0    1   0.2 
  GASTROENTERITIS    1   0.3    0   0.0 
  STOOL ABNORM    1   0.3    0   0.0 
HEMATOLOGIC AND LYMPHATIC LEUKOCYTOSIS    0   0.0    3   0.6 
  ANEMIA    0   0.0    2   0.4 
  EOSINOPHILIA    2   0.6    1   0.2 
METABOLIC AND NUTRITION DEHYDRAT    5   1.4   10   2.0 
  EDEMA PERIPH    4   1.2    7   1.4 
  HYPOVOLEM    3   0.9    5   1.0 
  HYPERVOLEM    5   1.4    4   0.8 
  HYPOCHLOREM    0   0.0    4   0.8 
  EDEMA    4   1.2    3   0.6 
  WEIGHT INC    3   0.9    3   0.6 
  PHOSPHATASE ALK INC    1   0.3    3   0.6 
  HYPOPROTEINEM    4   1.2    2   0.4 

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Extraneal group.   
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 Table 6J (Page 3 of 4) : Incidence of Related  Adverse Events by COSTART Body System and Preferred 
Term   

 
 
 

    Control Group 
(N=347) 

Extraneal 
Group (N=493) 

COSTART Body System COSTART Preferred Term N Percent N Percent 
METABOLIC AND NUTRITION 
(CONT.) 

HYPONATREM    3   0.9    2   0.4 

  HYPOGLYCEM    2   0.6    2   0.4 
  HYPOMAGNESEM    0   0.0    2   0.4 
  SGOT INC    0   0.0    2   0.4 
  SGPT INC    0   0.0    2   0.4 
  HYPERGLYCEM    2   0.6    1   0.2 
  WEIGHT DEC    0   0.0    1   0.2 
  HYPOKALEM    6   1.7    0   0.0 
  ULTRAFIL DEC    2   0.6    0   0.0 
  CREATININE INC    1   0.3    0   0.0 
MUSCULOSKELETAL CRAMPS LEG    2   0.6    2   0.4 
  MYALGIA    0   0.0    2   0.4 
  CRAMPING    1   0.3    1   0.2 
  PAIN BONE    0   0.0    1   0.2 
NERVOUS DIZZINESS    5   1.4    9   1.8 
  PARESTHESIA    0   0.0    3   0.6 
  DRY MOUTH    2   0.6    2   0.4 
  ANXIETY    0   0.0    1   0.2 
  HYPERKINESIA    0   0.0    1   0.2 
  NERVOUSNESS    0   0.0    1   0.2 
  THINKING ABNORM    0   0.0    1   0.2 
  INSOMNIA    3   0.9    0   0.0 
  SOMNOLENCE    3   0.9    0   0.0 
  DEPRESSION    1   0.3    0   0.0 
RESPIRATORY DYSPNEA    1   0.3    2   0.4 

Only one event per patient per preferred term was counted.  
 Events are ordered within each Body System from highest to lowest incidence rates within the Extraneal group.   
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Table 6J: (Page 4 of 4): Incidence of Related Adverse Events by COSTART Body System and Preferred 
Term   

 
 

    Control Group 
(N=347) 

Extraneal 
Group (N=493) 

COSTART Body System COSTART Preferred Term N Percent N Percent 
RESPIRATORY (CONT.) LUNG DIS    0   0.0    2   0.4 
  COUGH INC    0   0.0    1   0.2 
  EDEMA LUNG    0   0.0    1   0.2 
  HICCUP    0   0.0    1   0.2 
  RHINITIS    1   0.3    0   0.0 
  UPPER RES INFECT    1   0.3    0   0.0 
SKIN RASH    6   1.7   27   5.5 
  DERM EXFOL    0   0.0    8   1.6 
  PRURITUS    5   1.4    7   1.4 
  NAIL DIS    0   0.0    3   0.6 
  PSORIASIS    0   0.0    2   0.4 
  RASH MAC PAP    3   0.9    1   0.2 
  SKIN DIS    2   0.6    1   0.2 
  ECZEMA    0   0.0    1   0.2 
  FURUNCULOSIS    0   0.0    1   0.2 
  RASH VESIC BULL    0   0.0    1   0.2 
  SKIN DISCOLOR    0   0.0    1   0.2 
  SKIN DRY    0   0.0    1   0.2 
  ULCER SKIN    0   0.0    1   0.2 
  URTICARIA    0   0.0    1   0.2 
SPECIAL SENSES TASTE LOSS    0   0.0    1   0.2 
  TASTE PERVERS    1   0.3    0   0.0 
UROGENITAL PAIN KIDNEY    0   0.0    2   0.4 
  EDEMA SCROTUM    1   0.3    0   0.0 

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Extraneal group.   
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6.2.2 Specific Adverse Events 

 

6.2.2.1  Skin Adverse Events 

Three specific events in the Skin body system were reported by at least 5% of the patients in 
either treatment group:  rash (4.6% control, 10.1% Extraneal), pruritus (6.6% control, 5.5% 
Extraneal,), and skin disorder (5.2% control, 2.2% Extraneal).   

Relationship of Skin Events to Study Treatment 

Of Extraneal-treated patients reporting rash (52 patients, 10.5%), nineteen (3.9%) were 
considered unrelated, and 27 (5.5%) were assessed as related to treatment.    In the Control 
patients reporting rash, 6 (1.7%) were considered related and 8 (2.3%) described as not related to 
treatment.  Eight of 9 Extraneal-treated patients reporting exfoliative dermatitis (1.6%) had 
events considered related to study drug.  The one report of exfoliative dermatitis in a control 
patient was assessed as not related to study treatment.   

Of the 27 Extraneal patients (5.5%) reporting pruritus, 7 (1.4%) were assessed as related and 11 
(2.2%) as not related.  In the Control patients reporting pruritus, the relationships were 5 (1.4%) 
related and 9 (2.6%) not related. 

Table 6K presents a summary of the relationship to study drug of the most commonly reported 
skin adverse events. 

Table 6K:  Incidence of Selected Skin Adverse Events by Relationship to Study Drug – All 
Studies 

 Control Group 
(N=347) 

Extraneal Group 
(N=493) 

 
COSTART 

Not Related Related Not 
Recorded 

Not Related Related Not 
Recorded 

Preferred Term n % n % n % n % n % n % 
Dermatitis exfol 1 0 3 0 0 0 0 1 0 2 8 1 6 0 0
Eczema 1 0.3 0 0 0 0 1 0.2 1 0.2 4 0.8 
Furunculosis 3 0.9 0 0 1 0.3 3 0.6 1 0.2 1 0.2 
Herpes zoster 6 1.7 0 0 3 0.9 1 0.2 0 0 1 0.2 
Nail dis 2 0.6 0 0 0 0 2 0.4 3 0.6 0 0 
Pruritus 9 2.6 5 1.4 10* 2.9* 11 2.2 7 1.4 9 1.8 
Rash 8 2.3 6 1.7 2 0.6 19 3.9 27 5.5 6 1.2 
Rash vesic bull 8 2.3 0 0 1 0.3 2 0.4 1 0.2 3 0.6 
Skin dis 14 4.0 2 0.6 2 0.6 9 1.8 1 0.2 2 0.4 
Skin dry 3 0.9 0 0 0 0 6 1.2 1 0.2 3 0.6 
Ulcer skin 11 3.2 0 0 2 0.6 15 3.0 1 0.2 1 0.2 
*Values for pruritus include 1 control patient with preferred term of “pruritis.” 
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Skin Serious Adverse Events and Skin Adverse Events Leading to Discontinuation 

Thirteen patients, identified in Table 6L, all treated with Extraneal, were discontinued from the 
study due to an adverse event in the Skin system; one patient had two skin events (patient 37301 
in Study RD-97-CA-131, with rash and dermatitis exfoliative).  All but three of these events (2 
events of ulcer skin and one event of pruritus) were considered related to study drug.  All events 
except for the unrelated skin ulcer and the two events of pruritus (one unrelated and one possibly 
related) started within the first three weeks of study treatment.  

Table 6L:  Skin Adverse Events Leading to Discontinuation 
 

Study Patient 
ID 

Preferred 
Term 

Study Day at 
Onset of AE 

Relationship 
to Study Drug 

Severity 
Assessment 

RD-97-CA-131 37301 Derm exfol 19 Definite Mild
RD-97-CA-131 2401 Pruritus 52 None Mild 
RD-97-CA-131 17201 Pruritus 51 Possible Severe 
RD-97-CA-130 22101 Rash 1 Probable Mild 
RD-97-CA-130 33106 Rash 6 Probable Moderate 
RD-97-CA-131 19503 Rash 7 Possible Severe 
RD-97-CA-131 24401 Rash 5 Probable Severe 
RD-97-CA-131 37301 Rash 5 Definite Moderate 
RD-97-CA-131 45401 Rash 9 Probable Moderate 
RD-97-CA-131 33305 Rash vesic bull 21 Possible Moderate 
RD-97-CA-130 23208 Skin discolor 8 Probable Mild 
MIDAS-2 303 Ulcer skin 1210 None Severe 
MIDAS-2 307 Ulcer skin 1334 None Moderate 
RD-97-CA-130 23210 Urticaria 9 Probable Severe 
 

Exfoliative Dermatitis 

Exfoliative dermatitis, was reported by one patient (0.3%) in the Control group, and by 9 patients 
(1.8%) in the Extraneal group.  The term exfoliative dermatitis was determined by COSTART 
CODE to capture those skin events that were described by investigators as associated with 
peeling of the skin. This event was often preceded by a description of a skin event that used the 
term “rash”. None of the patients were evaluated by a dermatologist and the COSTART CODE 
was determined from the description of the skin event provided from the nephrologist 
investigator.  Of the Extraneal patients reported to have exfoliative dermatitis, six continued in 
the study with resolution while on treatment, and one discontinued from the study. 

There were no reports of anaphylaxis, Stevens-Johnson syndrome or other serious immune-
mediated reactions associated with skin rash. 
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Conclusions on Skin Adverse Events 

The incidence of skin rash in Extraneal treated patients appears to be approximately 5 percentage 
points higher than in patients treated with dextrose solutions.  Six of the 14 patients who 
discontinued because of a skin disorder did so because of rash.  

It is unclear whether the events reported as exfoliative dermatitis were true incidences or the 
result of COSTART coding of peeling associated with Rash.  There were no manifestations of 
severe immune dysfunction such as Stevens-Johnson Syndrome, or anaphylaxis associated with 
reports of exfoliative dermatitis. 

Skin rash is reported in post-marketing surveillance at no greater frequency than was observed in 
clinical trials. In general, in both clinical trials and post-marketing surveillance, the skin rash is 
usually mild to moderate and self-limited. It arises usually within one or two weeks of 
commencing therapy and resolves while on treatment in some patients and shortly after 
discontinuation in patients withdrawn from Extraneal treatment.   

6.2.2.2 Peritonitis 

In both treatment groups, peritonitis and exit site infection were the most common adverse events 
after 180 days and 360 days of treatment. The rates of peritonitis are similar between groups 
(25.8 months/episode for the Extraneal group, 24.4 months/episode for the active control group). 

6.2.3 Serious Adverse Events 

One or more serious adverse events were reported by 227 (31.5%) patients. The proportion of 
patients in each treatment group with serious adverse events was similar (31.7% Extraneal, 
31.2% Control). Serious adverse events were reported by 143 patients (57, 51.4% Control and 
86, 51.2% Icodextrin, p=1.000).    Peritonitis was the most frequently reported SAE (5.3% 
Extraneal, 8.6% control).  Serious adverse events reported by ≥0.5% of patients in either 
treatment group are presented in Appendix 2. 

6.2.3.1 Mortality 

Mortality analysis was originally planned for the 12 month safety study, RD-97-CA-131, 
following consultation with the Division of Cardio-Renal Drug Products (DCRDP) during 
protocol development.  The protocol called for comparing mortality rates between Extraneal and 
the active control.  Mortality was assumed to occur at a Poisson rate over time and equivalence 
would be established by constructing the 90% confidence interval around the difference between 
the estimated Poisson means.   
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The protocol defined data collection period for mortality data was for the duration of study 
participation (up to 12 months treatment) and for 30 days following study completion or 
termination.  No statistically significant differences were observed when comparing the mortality 
rates for the two treatment groups (Extraneal vs. 2.5% Dextrose), although a numerical 
difference in the number of deaths and percentages of deaths between Extraneal and the Active 
Control was present.  

Mortality in Controlled Clinical Studies 

A review of all controlled clinical studies of Extraneal revealed several studies in which 
numerical differences in the numbers and percentages of deaths existed between the treatment 
groups.  Two of these studies showed numerically greater numbers of deaths in the control group, 
two in the icodextrin group, and three studies showed no numerical difference.  These data are 
illustrated in Table 6M below, and include all deaths reported, regardless of relationship to time 
of study participation or follow-up.  

Table 6M:  Deaths in Controlled Clinical Studies 
 

Study Design Control Extraneal 
  N Deaths N Deaths 

   # %  # % 
ML/IB/020 (DELIA) Open-label crossover study for 

APD; 6 weeks duration 
9 0 0 10 0 0 

ML/IB/011 (DIANA) Randomized open-label for 
CAPD; 24 months duration 

19 6 31.6 19 0 0 

ML/IB/001 (MIDAS) Randomized open-label for 
CAPD; 6 months duration 

103 2 1.9 106 1 1.7 

PRO-RENAL-REG-035 Randomized open-label for 
APD; 16 weeks duration 

19 0 0 20  3 15 

RD-97-CA-130 Randomized blinded efficacy 
study; 4 weeks duration 

23 0 0 23 0 0 

RD-97-CA-131 Randomized blinded safety 
study; 52 weeks duration 

112 12 10.7 175 22 12.6 

RD-99-CA-060 Single dose pharmacokinetics 
study; 28 days duration 

0 0 0 13 0 0 

Total  285 20 7.0 366 26 7.1 
 

In consult with the DCRDP, mortality analyses, as planned for the RD-97-CA-131 protocol, were 
performed for the combined data from all controlled studies of Extraneal.  No difference in 
survival or causes of death were observed between Extraneal and Active Control (1.5%, 2.5% or 
4.25% Dextrose) patients.   
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A Kaplan-Meier survival analysis for time to death was used with a logrank test to compare the 
groups and a Poisson model was assumed for the deaths so that the death rates per year were 
estimated for each group.  Table 6N shows a total of 46 deaths (20 Control and 26 Extraneal) out 
of 651 patients (285 Control and 366 Extraneal).  There were no statistically significant 
differences in survival (time to death) between the two groups (p=0.929). 

 
Table 6N: Table of Mortality from All Controlled Studies Mortality Analysis Including Additional  

Follow-up Data Based on Survival Times in Days -- Survivors Have Censored Times 
 

 No. No. % Quartiles for Survival 
(Days) 

Mean Times to Death and 90% Confidence 
Intervals (Days) 

  

Group Patients Deaths  Died 25th % Median 75th % Mean Std Err Lower Upper p-Value* 
Control  285   20   7.0   481   558 N/A  508.0 #   12.62  487.3  528.8 0.929 
Extraneal  366   26   7.1   704 N/A N/A  636.3 #   17.68  607.2  665.4   
TOTALS  651   46   7.1   541 N/A N/A  602.6 #   17.66  573.5  631.6   

*  p-Value is from the LogRank test comparing the survival curves between groups.   
#  The mean and standard error were underestimated because the largest observation was censored.   
N/A:  there were not enough deaths to estimate this quartile.   

 
 

Mortality Rates (per month and per year) based on Poisson Estimation showed a mean death rate 
per month of 0.009 for the Active Control group and 0.009 for the Extraneal group. The mean 
death rate per year was 0.11 (i.e., 11 deaths per 100 patient-years) for the Active Control group 
and 0.11 (i.e., 11 deaths per 100 patient-years) for the Extraneal group.   

Table 6O:  Mortality Rates (per Month and per Year) Based on Poisson Estimation   
 

Treatment No. Total No. Rates per Month@ Rates per Year@ 
Group Patient

s 
Months Deaths Mean Lower 

90% 
Upper 
90% 

Mean Lower 
90% 

Upper 
90% 

Control  285 2268.7  20  0.009  0.000  0.163   0.11   0.00   1.96 
Extraneal  366 2926.7  26  0.009  0.000  0.164   0.11   0.00   1.97 

@  the estimated mean and 90% confidence interval are displayed.   
 
 
 

Table 6P:  Differences Between Mortality Rates (per Month and per Year)  
Based on Poisson Equivalence of Extraneal and Control Based on Ninety Percent (90%) Confidence Intervals 

 
        Equivalence Based on Equivalence Based on 
Icodextrin Control Difference Std Error of Deaths per Month Deaths per Year 
Mean Mean (Ext - 

Cntl) 
Difference Lower 90% Upper 

90% 
(Ext - Cntl) Lower 

90% 
Upper 
90% 

 0.009  0.009  0.000 0.0026 -0.004  0.004  0.001 -0.051  0.053 
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Figure 6A:  Kaplan Meier Survival Curves for All Controlled Clinical Studies. 
 

0 100 200 300 400 500 600 700 800
Time to Death (Days)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Pr
op

or
tio

n 
Su

rv
iv

in
g

Treatment Group:
Control

p=0.929 from the Log-Rank Test

N= 285 Control, 366 Icodextrin

Extraneal

 
Mortality in RD-97-CA-131,13 Month Follow-up 

The original protocol required follow-up of one month following completion of the 12-month 
study, or from the time of study termination.  The protocol was amended, based upon input from 
the October 2000 Closed Cardio-Renal Advisory Committee Meeting, to include 13-month 
follow-up for purposes of mortality. 

A retrospective follow-up of patients who prematurely discontinued from the study and did not 
have an outcome of “death” was performed.  Study sites were questioned regarding the status, 13 
months after study initiation, for those patients who had prematurely discontinued from the study 
and were not identified as deceased one month after termination.    There were a total of 101 
patients who fit this criterion.  The status of the patient was to be recorded as “living,” 
“unknown” or “deceased.”  Data for 98 of 101 eligible patients was obtained.  Three patients 
were determined lost to follow-up.   

A Kaplan-Meier survival analysis for time to death was used with a logrank test to compare the 
groups and a Poisson model was assumed for the deaths so that the death rates per year were 
estimated for each group.  Table 6Q shows a total of 29 deaths (9 Control and 20 Extraneal) out 
of 287 patients (112 Control and 175 Extraneal) and Table 6R provides the causes of death.   
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Table 6Q:  Mortality Analysis Including Additional Follow-up Data    
Based on Survival Times in Days -- Survivors Have Censored Times 

 
 No. No. % Quartiles for Survival 

(Days) 
Mean Times to Death and 90% 

Confidence Intervals (Days) 
  

Group Patients Deaths Died 25th % Media
n 

75th 
% 

Mean Std 
Err 

Lower Upper p-
Value* 

Control  112    9   8.0 N/A N/A N/A  384.8 #    4.40  377.6  392.1 0.301 
Extraneal  175   20  11.4 N/A N/A N/A  343.9 #    5.07  335.5  352.2   
TOTALS  287   29  10.1 N/A N/A N/A  376.6 #    3.86  370.2  382.9   

*  p-Value is from the LogRank test comparing the survival curves between groups.   
#  The mean and standard error were underestimated because the largest observation was censored.   
N/A:  there were not enough deaths to estimate this quartile.   
 

Table 6R:  Causes of Death 
 

Causes of Death Control Extraneal 
 N (%) N (%) 
Cardiac Arrest or Myocardial Infarction 4 (44%) 11 (55%) 
Pneumonia 2 (22%) 0 (0%) 
Unknown 2 (22%) 1 (5%) 
Renal Failure/ESRD  0 (0%) 2 (10%) 
CVA  0 (0%) 2 (10%) 
Sepsis  0 (0%) 1 (5%) 
Peripheral Vascular Disease/ESRD  0 (0%) 1 (5%) 
Bowel Infarction, post MI  0 (0%) 1 (5%) 
Withdrawal from Dialysis  0 (0%) 1 (5%) 
Multi-System Organ Failure  1 (11%) 0 (0%) 

 
There were no statistically significant differences in survival (time to death) between the two 
groups (p=0.301). 

 

Mortality Rates (per month and per year) based on Poisson Estimation show a mean death rate 
per month of 0.007 for the control group and 0.010 for the Extraneal group. The mean death rate 
per year was 0.08 (i.e., 8 deaths per 100 patient-years) for the Control group and 0.12 (i.e., 12 
deaths per 100 patient-years) for the Extraneal group. 

Table 6S:  Mortality Rates (per Month and per Year)  
Based on Poisson Estimation 

 
 No. Total No. Rates per Month@ Rates per Year@ 

Group Patients Months Deaths Mean Lower 
90% 

Upper 
90% 

Mean Lower 
90% 

Upper 
90% 

Control  112 1356.1   9  0.007  0.000  0.141   0.08   0.00   1.69 
Extraneal  175 2009.6  20  0.010  0.000  0.174   0.12   0.00   2.09 

@  the estimated mean and 90% confidence interval are displayed.   
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Table 6T demonstrates the equivalence of the Extraneal and Control groups based on 90% 
confidence intervals. 

 
Table 6T:  Differences Between Mortality Rates (per Month and per Year)  

Based on Poisson Estimation:  Equivalence of Extraneal and Control Based on Ninety Percent (90%) 
Confidence Intervals 

 
        Equivalence Based on Equivalence Based on 

Icodextrin Control Difference Std Error 
of 

Deaths per Month Deaths per Year 

Mean Mean (Ext -
Cntl) 

Difference Lower 90% Upper 
90% 

(Ext - Cntl) Lower 
90% 

Upper 90% 

 0.010  0.007  0.003 0.0031 -0.002  0.008  0.040 -0.022  0.102 
 

 

Mortality Analysis of RD-97-CA-131, All known Deaths 

During the collection of 13-month follow-up data, some of the clinical sites provided information 
for patients beyond the 13 months following study termination.  This resulted in identification of 
five patients (3 control, 2 icodextrin) who had died beyond 13 months following study initiation.  
These patients were included in the all controlled studies analysis presented in Section 6.3.4.1.  
Mortality analysis for all known deaths from RD-97-CA-131 are presented below demonstrated 
no differences in the survival times or mortality rates for Extraneal or Control patients.  The 
results of these analyses are presented in Tables 6U, 6V and 6W. 

Table 6U:  Table of All Mortality from Study RD-97-CA-131 
Mortality Analysis Including All Additional Follow-up Data   

Based on Survival Times in Days -- Survivors Have Censored Times   
 

 No. No. % Quartiles for Survival 
(Days) 

Mean Times to Death and 90% Confidence Intervals 
(Days) 

  

Group Patients Deaths Died 25th % Median 75th % Mean Std Err Lower Upper p-
Value* 

Control  112   12  10.7   407   469   558  459.9   34.43  403.3  516.6 0.610 
Extraneal  175   22  12.6   490   490   704  549.5   69.15  435.8  663.3   
TOTALS  287   34  11.8   469   490   558  502.7   40.09  436.8  568.7   

No.= number 
*  p-Value is from the LogRank test comparing the survival curves between groups.   
#  The mean and standard error were underestimated because the largest observation was censored.   
N/A:  there were not enough deaths to estimate this quartile.   
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Table 6V: Mortality Rates (per Month and per Year)  

Based on Poisson Estimation 
 

Treatment N0. Total No. Rates per Month@ Rates per Year@ 
Group Patient

s 
Months Deaths Mean Lower 

90% 
Upper 
90% 

Mean Lower 
90% 

Upper 
90% 

Control  112 1364.2  12  0.009  0.000  0.163   0.11   0.00   1.96 
Extraneal  175 2022.9  22  0.011  0.000  0.182   0.13   0.00   2.19 

No.= number  
@  the estimated mean and 90% confidence interval are displayed.   

 
 

 
Table 6W: Differences Between Mortality Rates (per Month and per Year) Based on Poisson Estimation 

Equivalence of Icodextrin and Control Based on Ninety Percent (90%) Confidence Intervals 
 

        Equivalence Based on Equivalence Based on 
Icodextrin Control Difference Std Error 

of 
Deaths per Month Deaths per Year 

Mean Mean (Ext - 
Cntl) 

Difference Lower 90% Upper 
90% 

(Ext - Cntl) Lower 
90% 

Upper 90% 

 0.011  0.009  0.002 0.0034 -0.004  0.008  0.025 -0.043  0.093 
EXT = Extraneal 
Cntl = Control 
 
 

Mortality Conclusions 

No statistically significant difference in mortality rates or survival were observed for either the 
RD-97-CA-131 original protocol, 13-month amended protocol, or all controlled studies analyses.   

Review of narratives for patient deaths indicated that causes of death were not different in the 
active control and icodextrin patients.  Although statistically the numbers of patient deaths were 
too small to permit appropriate subgroup analyses, exploratory analyses were conducted and 
failed to reveal any biologically or clinically meaningful co-variates to therapy, which increased 
the risk of mortality. 

As none of the studies were adequately powered to demonstrate a statistical difference in 
mortality, and in light of the small number of deaths, even when controlled study data is 
combined, results of these studies should be considered observational.    
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6.3 Clinical Laboratory Evaluations 

 
Unless otherwise noted, discussions of laboratory results are for the All Studies population.  
Reference ranges were obtained for ESRD patients; for analytes not included in that table, 
standard reference normal ranges were used.  Incidences of laboratory values reported as AEs are 
discussed in this section only for selected analytes; a complete presentation of laboratory AEs (by 
COSTART body system and preferred term) may be found in Appendix 2. 

6.3.1 Sodium 

Mean values for sodium were within normal limits at each time point for both treatment groups, 
but the mean values for Extraneal were consistently near the lower limit of normal (normal range 
135 - 148 mmol/L; range of mean values for Extraneal patients 135.3 – 135.7 mmol/L) (Table 
6X).  While there were downward trends in mean changes from baseline in both treatment 
groups, the changes ranged from -0.58 to +0.038 mmol/L in the active control group and from 
-3.59 to -2.74 mmol/L in the Extraneal group.  Differences in mean changes between treatment 
groups were statistically significant at each time point measured (p <0.001).  Minimum values 
were comparable between treatment groups at each time point including baseline, ranging from 
124 – 128 mmol/L in the active control group and from 119 – 126 mmol/L in the Extraneal 
group.  

Table 6X:  Mean Values and Mean Changes From Baseline in 
Sodium (mmol/L) – All Studies 

  
Treatment 

 
Data 

Change From 
Baseline 

Visit Group N Mean SE Mean SE 
Baseline Control 341 138.431 0.195 -- --
 Extraneal 472 138.530 0.160 -- -- 
One Month Control 269 138.141 0.241 -0.242 0.209 
 Extraneal 299 135.592 0.212 -2.744 0.217 
3 Months Control 217 138.180 0.234 -0.343 0.230 
 Extraneal 265 135.694 0.211 -2.924 0.233 
6 Months Control 173 138.075 0.288 -0.578 0.320 
 Extraneal 262 135.340 0.208 -3.597 0.224 
1+ Year Control 80 138.338 0.440 0.038 0.490 
 Extraneal 157 135.752 0.245 -3.142 0.310 
Last Visit Control 329 138.161 0.214 -0.272 0.219 
 Extraneal 451 135.796 0.156 -2.771 0.180 
SE=standard error 

 
The mean decreases from baseline in the Extraneal group are related to a dilutional effect caused 
by elevated blood levels of icodextrin metabolites, particularly maltose and maltotriose.  The 
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presence of osmotically active particles in the vascular compartment is sufficient to cause a slight 
shift in water from the cellular to the vascular compartment, resulting in the observed declines.7 

Incidences of hyponatremia as an AE were comparable between treatment groups (2.0% control, 
7 patients; 2.2% Extraneal, 11 patients) (Appendix 2).   Three patients (0.9%) in the control 
group and 2 patients (0.4%) in the Extraneal group reported hyponatremia considered to be 
related to study drug. The majority of hyponatremic events were mild in severity; none was 
reported as severe. Based upon the clinical trial results, no clinical relevance could be attributed 
to the change in sodium in this patient population. 

6.3.2 Chloride 

Mean values for chloride were near the lower limit of normal (normal range 96 –112 mmol/L) for 
the active control group at all time points, and slightly below normal for the Extraneal group at 
all post-baseline time points (range 94.5 – 95.8 mmol/L) (Table 6Y)..  Mean changes from 
baseline in the Extraneal arm ranged from -2.54 to -1.73 mmol/L, while mean changes from 
baseline in the control group were consistently minimal increases (range +0.485 to +0.764 
mmol/L).  Analysis of mean changes from baseline between treatment groups revealed 
statistically significant differences at all post-baseline time points between treatment groups 
(p <0.001 at all time points except at 1+ year where p = 0.005).   

As with the mean decreases in sodium, the mean decreases in chloride in the Extraneal group are 
due to the dilutional effects as explained above. 

Table 6Y:  Mean Values and Mean Changes From Baseline in 
Chloride (mmol/L) – All Studies 

  
Treatment 

 
Data 

Change From 
Baseline 

Visit Group N Mean SE Mean SE 
Baseline Control 268 96.795 0.301 -- --
 Extraneal 374 96.902 0.275 -- -- 
One Month Control 216 97.319 0.344 0.633 0.244 
 Extraneal 253 94.747 0.296 -1.729 0.282 
3 Months Control 177 98.264 0.402 0.485 0.306 
 Extraneal 227 95.203 0.298 -2.325 0.301 
6 Months Control 142 98.761 0.448 0.567 0.399 
 Extraneal 210 95.862 0.333 -2.538 0.349 
1+ Year Control 79 97.165 0.514 0.764 0.584 
 Extraneal 136 94.566 0.631 -2.435 0.803 
Last Visit Control 285 97.627 0.306 0.610 0.263 
 Extraneal 395 95.149 0.291 -2.003 0.348 
SE=standard error 
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Hypochloremia was reported as an AE by 3 (0.9%) active control patients and 8 (1.6%) Extraneal 
patients; half of the Extraneal patients reported hypochloremia that was considered related to 
study drug. All reported events of hypochloremia were assessed as mild in severity except for one 
event assessed as moderate in the Extraneal group.  

6.3.3 Serum Amylase 

Mean values for serum amylase were markedly lower in the Extraneal group (range 17.3 – 29.1 
U/L) compared with the control group (range 93.0 – 118.9 U/L) (Table 6Z). In the control group, 
mean changes from baseline ranged from -6.045 to -1.677 U/L (the higher mean values are due to 
outliers; the maximum values at the 1, 3, and 6 month time points were >1100 U/L).  In the 
Extraneal group, mean changes from baseline were greater than -80 U/L at all time points, 
ranging from -108.426 to -81.004 U/L (representing a 73.5% to 86.2% decline).  The differences 
between treatment groups in the mean changes from baseline were statistically significant at all 
time points (p <0.001 at each time point).   

 

Table 6Z:  Mean Values and Mean Changes From Baseline in Serum 
Amylase (U/L) – All Studies 

  
Treatment 

 
Data 

Change From Baseline 

Visit Group N Mean SE Mean (% drop) SE 
Baseline Control 216 96.444 3.577 -- --
 Extraneal 286 98.623 3.499 -- -- 
One Month Control 169 107.527 8.508 -1.677 (1.7%) 1.780 
 Extraneal 136 19.435 1.314 -95.198 (83.0%) 5.201 
3 Months Control 119 112.235 14.233 -4.414 (4.6%) 2.590 
 Extraneal 131 29.053 2.590 -81.115 (73.6%) 5.630 
6 Months Control 89 118.921 16.947 -5.824 (6.0%) 3.625 
 Extraneal 92 21.837 2.576 -95.304 (81.4%) 6.798 
1+ Year Control 66 92.985 6.063 -6.045 (6.3%) 4.042 
 Extraneal 61 17.311 1.304 -108.426(86.2%) 7.639 
Last Visit Control 212 105.524 7.659 -3.784 (3.9%) 2.179 
 Extraneal 221 27.517 1.972 -81.004 (74.6%) 4.343 
SE=standard error 

 

The decline in serum amylase activity is an artefact due to interference by icodextrin in the 
amylase activity assay.  Icodextrin acts as a competitive inhibitor of the substrate used in 
standard clinical chemistry assays for amylase activity.  The substrate, 4,6-ethylidene-G7-PNP, 
contains a linear chain of seven glucose units linked by alpha 1-4 glucosidic bonds resembling 
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the structure of icodextrin.  An example of the competitive inhibition due to icodextrin using a 
standard amylase assay kit and typical substrate concentration is shown in Figure 6B.  
Concentrations of icodextrin of 3.6 mg/mL (less than steady-state levels of icodextrin in patients 
treated with Extraneal) resulted in a significant (>70%) decrease in amylase activity.  Additional 
external investigations confirm that icodextrin interferes in the measurement of amylase activity.8  
In conclusion, the observed decrease in serum amylase is an artefact due to competitive 
inhibition in the amylase activity assay.  

Figure 6B:  Kinetics of color formation in amylase activity assay in the presence of icodextrin. 
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6.3.4     Alkaline Phosphatase 

Mean values for alkaline phosphatase were higher at all time points in the Extraneal group 
compared with the active control group, as were mean changes from baseline (Extraneal range 
13.417 – 24.864 U/L; control range 1.096 – 6.769 U/L) (Table 6AA). However, mean values for 
alkaline phosphate were within normal limits for ESRD patients (31 – 115 U/L) at all time points 
and mean changes from baseline were also increased in the control arm at all but one time point 
(a mean decrease of -2.527 U/L at 1 month).   
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Table 6AA:  Mean Values and Mean Changes From Baseline in 
Alkaline Phosphatase (U/L) – All Studies 

  
Treatment 

 
Data 

Change From 
Baseline 

Visit Group N Mean SE Mean SE 
Baseline Control 214 89.107 3.667 -- -- 

 Extraneal 294 92.476 3.315 -- -- 
One Month Control 167 85.383 3.547 -2.527 1.292 
 Extraneal 192 110.068 5.164 15.142 2.194 
3 Months Control 116 92.724 5.169 1.096 5.034 
 Extraneal 165 98.533 3.778 13.417 1.953 
6 Months Control 85 100.600 6.244 6.607 6.171 
 Extraneal 132 100.924 3.902 15.800 3.700 
1+ Year Control 66 102.818 7.043 6.769 7.068 
 Extraneal 104 111.423 10.401 24.864 10.525 
Last Visit Control 208 93.625 3.745 4.039 2.885 
 Extraneal 278 111.428 5.251 19.073 4.247 
SE=standard error 

 

In general, the increase in alkaline phosphatase associated with Extraneal, per se, was mild 
(average increase 17.3 U/L) and not associated with adverse events or abnormalities in other liver 
function tests. Alkaline phosphatase levels in most patients treated with Extraneal remained 
within the normal range.  At baseline, 58 (19.7%) of Extraneal patients were above the normal 
range and 233(79.3%) were within the normal range. In the Control group at baseline, 33 
(15.4%) of patients were above the normal range and 179 (83.7%) were within the normal range. 
During the study, 70(32%) shifted from normal to a high value in the Extraneal group and 35 
(20.3%) of the Control patients shifted from normal to a high value. In general, there was an 
association between elevated alkaline phosphatase levels and elevated transaminase levels in the 
Control patients. However, this association was not present in the Extraneal patients with 
elevated alkaline phosphatase levels. This suggests that the elevation in alkaline phosphatase in 
the Extraneal group was less likely to be associated with other liver function test abnormalities, 
while in the Control group elevations in alkaline phosphatase were more likely to be associated 
with elevations in other liver function tests. 

Adverse Events recorded as “alkaline phosphatase increase” occurred in 2.8% (n=14) of patients 
in the Extraneal group and 1.7% (n=6) of patients in the control group. All reported events of 
increased alkaline phosphatase were mild or moderate in intensity.  Three patients in the 
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Extraneal group (0.6%) and one patient in the control group (0.3%) reported increased alkaline 
phosphatase considered related to study drug. The increases in alkaline phosphatase were not 
associated with clinical sequelae and remained level throughout the study.  In the study where 
there was follow up data (PRO-RENAL-REG-035), alkaline phosphatase levels returned to 
baseline coincident with the return of icodextrin and metabolite blood levels to baseline.  
Therefore, the elevation in alkaline phosphatase was not considered to be indicative of a 
permanent or significant alteration in liver function.  

In the long term study (RD-CA-97-131), four patients who died were identified with increased 
alkaline phosphatase and increased transaminase levels. Of these patients, one had both increased 
alkaline phosphatase and transaminase concentrations at baseline, one had increased alkaline 
phosphatase at baseline and in this patient transaminase levels increased during the study. The 
remaining two patients had increased alkaline phosphatase and transaminase levels during the 
study, but the baseline values were normal. A review of the narratives of adverse events in these 
patients did not reveal any clinical condition that would explain the elevation in alkaline 
phosphatase or transaminase levels. 

 

6.4 Edema, Weight Gain, Quality of Life 

6.4.1 Edema  

Evidence of fluid imbalance was evaluated by changes in weight and by signs/symptoms of 
edema.  Body weight was collected at baseline and end of study (week 4) for study RD-97-CA-
130 as part of the vital signs assessment.  This was part of the physical examination and the site 
was asked to record whether the weight was taken before or after drain.  In Study RD-97-CA-
131, body weight was collected at baseline, weeks 13, 26, 39 and 52.  As in study 130 the site 
was asked to record whether the weight was taken before or after drain.  The sites were not given 
identical scales or instructions on type of clothing to be worn during the weigh data collection.     

Edema was also measured at baseline and end of study (Week 4) for study RD-97-CA-130 as 
part of the vital signs assessment.  The sites were asked to assess the patient’s edema by rating 
any peripheral edema on a subjective scale of 0 to 4+.  If the patient’s edema status was 0 to 3+, 
the site was to check the appropriate rating box.  If the patient’s edema status was 4+ or greater, 
the site was to document this as an adverse event.  In Study RD-97-CA-131, edema was collected 
at baseline, weeks 13, 26, 39 and 52.  As in study 130, edema was documented in the same 
manner.  
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A significant difference was observed between the two treatment groups in the number of 
patients with no edema at Weeks 26 and 39 in the RD-97-CA-131 study.  At both time periods 
(Weeks 26 and 39), approximately 65% of the Control patients had no edema compared to 
approximately 80% of the Extraneal patients.  However, these differences were no longer evident 
at Week 52, when approximately 76% of all patients had no edema.  

There was a significant difference (p=0.033) at Week 52 in patients who had a shift from no 
edema to some edema, or vice versa, within the Extraneal Group.  This shift in edema was not 
observed for patients within the Control Group.  Sixteen of 89 Extraneal patients (18.0%) went 
from no edema to some edema and 6 of 14 (42.9%) Extraneal patients went from some edema at 
Baseline to no edema at the end of study.  Similarly, 8 of 44 Control patients (18.2%) went from 
no edema at Baseline to some edema at the end of study and 10 of 18 Control patients (55.6%) 
went from some edema to no edema.  There was also a higher incidence of adverse events for 
peripheral edema (defined as 4+ edema) in the active control group compared to the Extraneal 
group (17.9% vs. 6.3%). 

The lower incidence of peripheral edema in the Extraneal group coupled with the demonstrable 
increase in net ultrafiltration supports the use of Extraneal in the long dwell to help manage fluid 
balance in patients on peritoneal dialysis. 

6.4.2 Weight Gain 

Although information on body weight was collected as part of physical examination data in most 
Key and Supportive Studies, only Studies RD-97-CA-130 and RD-97-CA-131 collected data that 
were specifically related to body weight either before or after drain.  Therefore, only results from 
these two studies are being used in this discussion of short-term and long-term weight gain 
during the study.  Table 6BB presents a summary of these data. 
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Table 6BB:  Mean Changes in Body Weight Before Drain (kg) 
 Control Group Extraneal Group P 

Between 
Study RD-97-CA-130 

Week 2 
N 
Mean Change from Baseline 

 
66 
0.64 

 
65 
-0.17 

 
 
0.019 

Week 4 
N 
Mean Change from Baseline 

 
66 
0.80 

 
64 
0.79 

 
 
0.943 

Study RD-97-CA-131 
Week 2 
N 
Mean Change from Baseline 

 
48 
0.75 

 
54 
-0.35 

 
 
0.009 

Week 4 
N 
Mean Change from Baseline 

 
49 
1.05 

 
56 
0.60 

 
 
0.425 

Week 13 
N 
Mean Change from Baseline 

 
76 
0.83 

 
116 
-0.51 

 
 
0.005 

Week 26 
N 
Mean Change from Baseline 

 
65 
0.44 

 
111 
-0.27  

 
 
0.204 

Week 39 
N 
Mean Change from Baseline 

 
58 
1.00 

 
96 
-0.06 

 
 
0.182 

Week 52 
N 
Mean Change from Baseline 

 
47 
2.33 

 
88 
-0.03 

 
 
0.022 

SE= standard error, p Between = p value from analysis of covariance for significant differences across 

treatment groups for mean changes from baseline. 

 

In Study RD-97-CA-130, measurements of body weight before drain were recorded as part of the 
physical examination data at baseline and at Weeks 2 and 4.  A statistically significant difference 
between the two treatment groups in mean body weight before drain was noted at baseline 
(control 74.2 kg, Extraneal 79.6 kg; p= 0.044).  During the study, there were statistically 
significant differences within treatment groups for body weight before drain at several time 
points.  The control group experienced mean increases in body weight at Weeks 2 and 4 (0.64 kg, 
p = 0.005 at Week 2 and 0.80 kg, p = 0.008 at Week 4), while the Extraneal group experienced a 
mean decrease in body weight at Week 2 (-0.17 kg, p = 0.474) and a mean increase in body 
weight at Week 4 (0.79, p = 0.022).  At Week 2, the difference between treatment groups in 
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mean body weight was statistically significant (p = 0.019).  These short-term changes in body 
weight are most likely related to fluctuations in fluid balance. 

In Study RD-97-CA-131, body weight before or after drain was recorded at baseline and at 
Weeks 2, 4, 13, 26, 39, and 52.  Each patient was weighed either before or after the drain; no 
patient was weighed at both times.  A larger number of patients were weighed before drain than 
after drain.  Only those patients who rolled over from Study RD-97-CA-130 had body weight 
measurements at Weeks 2 and 4 (these measurements were carried forward from that study).  No 
statistically significant difference was noted between treatment groups in body weight at 
baseline.  At each follow-up visit, there were trends for patients in the control group to gain 
weight and for patients in the Extraneal group to lose or maintain weight measured before drain.  
Patients in the control group had statistically significant weight increases before drain at Weeks 
2, 4, 13, and 52.  Additionally, there were statistically significant differences in body weight 
changes before drain between the two treatment groups at Week 2 (p = 0.009), Week 
13 (p = 0.005), and Week 52 (p = 0.022).  At Week 52, the control patients had gained an 
average of 2.33 kg while the Extraneal patients had lost an average of 0.03 kg in body weight 
before drain. For the small number of patients that were weighed after the drain, there was no 
difference in body weight between the two groups. 

Dextrose-treated patients had a significant increase in body weight compared with 
Extraneal-treated patients.  The short-term changes in body weight were most likely related to 
changes in fluid balance.  The overall weight gain in the control patients over the course of the 
one-year study was most likely related to increased body fat due to the glucose load inherent in 
dextrose-based solutions.9  The lack of weight gain in Extraneal patients may suggest a benefit of 
Extraneal in reducing weight gain due to excess glucose load in peritoneal dialysis patients. 

There were no notable differences between the two treatment groups in reported AEs related to 
increased or decreased body weight. 

6.4.3 Quality of Life 

Evaluation of quality of life with the KDQol instrument was introduced as a study amendment 
and hence only a portion of the patients enrolled in the study were able to complete a baseline 
evaluation. Patients completed forms to assess symptoms/problems and overall quality of life 
during the 1-year study, RD-CA-97-131. The KDQoL Questionnaire contained a 35-item 
symptom/problem list and the Short Form-36, a 36-item questionnaire characterizing the 
patient’s general health status.  Patients indicated to what extent during the prior 30 days they 
were bothered by each of 35 symptoms.   Each item was scored on a 5-point scale (“not at all,” 
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“somewhat,” “moderately,” “very much,” or “extremely”).  Raw scores for the 36 items were 
linearly transformed to 0 to 100 scales with 0 being the lowest value and 100 being the highest 
possible value.  Higher transformed scores indicate better health.  

For patients who completed both the Baseline and the Week 52 KDQoL forms (N=25 Control, 
N=41 Extraneal), the overall scores for the Symptom/Problem items did not change significantly 
from Baseline to Week 52 within either treatment group.  Furthermore, at the item level, no 
statistical differences were detected when the mean changes in scores were compared between 
treatment groups.   

There were some KDQoL Symptom/Problem items for which the differences in change from 
Baseline to Week 52 between treatment groups exceeded 5 points.  A treatment group was 
defined to have an advantage when it possessed a treatment difference of at least 5 points when 
comparing score changes from Baseline to Week 52.  If the absolute difference between groups 
was less than 5 points, it was determined that there was no advantage to either group.  There was 
a meaningful difference favouring the Extraneal Group in 10 items while there was a clinically 
meaningful difference favoring the Control Group in 5 items.  Neither group had an advantage in 
the other 20 items. Table 6CC displays this data. Most importantly, when asked to compare their 
health in general at week 52 versus baseline, as significantly greater percentage (30%) of patients 
in the Extraneal group stated they felt better, while only 4% of patients in the control group stated 
they felt better (p<0.03).  

Table 6CC: KDQoL Symptom/Problem Items –  
Comparison Between Treatment Groups for Change from Baseline to Week 52 

for Patients Who Completed Both Forms 
Treatment Advantage* for Symptom/Problem Items 

Control Group Icodextrin Group 
e. Ache in bones a. Soreness in your muscles 
h. Headaches d. Stiffening of joints 
i. Cramps during an exchange or treatment p. Faintness or dizziness 
s. Dry mouth r. Loss of taste 
dd. Hot or cold spells u. Lack of strength 
 v. Fatigue, weakness 
 w. Washed out or drained 
 x. Numbness in hands or feet 
 z. High blood pressure  
 gg. Blurred vision 

*Based on clinically meaningful differences between treatment groups.  For this analysis, clinically 
meaningful is defined as a >5 point difference between groups when comparing the change in score from 
Baseline to Week 52.  Using item (a) Soreness in your muscles for patients who completed both the 
Baseline and Week 52 KDQoL forms, the difference between the Icodextrin Group (+3.7) and the 
Control Group (-4.2) change in score is 7.9 points in favor of Icodextrin. 



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

 88 

6.5 Other Safety Information  

6.5.1 Post-marketing Safety Data 

Extraneal has been approved in 28 countries worldwide, with a total market exposure of 187,081 
patient months through January 31, 2001. Market exposure is calculated by dividing the total 
number of bags produced by 30, which is the number of bags an individual patient would use in 
one month. There were 5,612,438 bags produced in the period from March 1998 to Jan 31, 2001. 
It has also been used under compassionate use in with a patient exposure of 2,429 patient 
months.  

From Feb. 1, 1997 to Jan 31, 2001, the most common adverse events reported in spontaneous 
notifications were events related to the skin (1.5%). The other notifications were those generally 
associated with peritoneal dialysis therapy, such as peritonitis or those related to underlying co-
morbid conditions. None of the notifications were for events that had not been seen in clinical 
trials. Labeling changes have been made to the approved worldwide labeling to include a 
statement in the Precautions section concerning a rise in alkaline phosphatase levels seen in 
clinical trial results and an increased in frequency of skin rash due to information gained from 
Baxter sponsored clinical trial reports.  

6.6 Safety Conclusions 

Data from 493 Extraneal patients and 347 control patients presented show that Extraneal is safe 
and well tolerated as a peritoneal dialysis solution.  Patients included in this summary had a mean 
exposure to Extraneal of almost 6 months (232.5 days) and a maximum exposure of more than 
44 months (1326 days). 

The overall adverse event profile for Extraneal-treated patients was generally similar to that of 
control patients in incidence rates and assessments of severity.  Slightly more Extraneal patients 
had one or more adverse events considered possibly, probably, or definitely related to study drug 
(28.2% Extraneal, 25.7% control).  There were no statistically significant differences in survival 
time between groups, and no deaths in either treatment group were considered related to study 
drug.   

The only body system with notable differences in adverse events between treatment groups was 
Skin.  Extraneal-treated patients had a 4.5% higher incidence of dermatological events compared 
with the control population.  Rash was reported by 10.1% of Extraneal patients, compared with 
4.6% of control patients, and exfoliative dermatitis was reported by 1 control and 9 Extraneal 
(1.8%) patients.  Most Skin adverse events were mild or moderate in intensity; only 6 Skin 
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events (5 Extraneal, 1 control) were reported as serious adverse events and none of these events 
was considered related to study drug.  All 14 Skin events leading to discontinuation of study drug 
were reported by Extraneal-treated patients (one patient had two Skin events leading to 
discontinuation); 11 of 14 were considered related to study drug and 3 of these related events 
were severe in intensity. 

Abnormalities were noted in Extraneal-treated patients in selected analytes (lowered sodium and 
chloride levels and alkaline phosphatase) but these changes were not clinically meaningful.  
Serum amylase levels in Extraneal patients were markedly lower than control patients due to 
interference from Extraneal with amylase activity for the assay. 

Analyses of commonly reported adverse events occurring after 6 months and 12 months of 
Extraneal therapy were generally lower than the overall incidence of these adverse events; there 
appears to be no cumulative adverse effect of Extraneal. 

In conclusion, Extraneal is a well-tolerated dialysate for the long dwell exchange in continuous 
ambulatory peritoneal dialysis (CAPD) or Automated Peritoneal Dialysis (APD). 
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7.0 BENEFIT/RISK SUMMARY 

Currently marketed peritoneal dialysis solutions in the United States utilize glucose as the 
osmotic agent. The primary drawback of glucose as an osmotic agent is inadequate ultrafiltration 
during long dwell exchanges. Baxter Healthcare developed Extraneal primarily to provide the 
peritoneal dialysis patient with a more efficient alternative for the long dwell exchange to 
enhance ultrafiltration and therefore potentially extend the viability of this therapy. 

7.1 Benefits 

The efficacy of isosmotic Extraneal was compared with hyperosmotic dextrose solutions during 
single daily dwells of 8 to 16 hours in three key studies, ML/IB/001 (MIDAS), RD-97-CA-130, 
and PRO-RENAL-REG-035. 

The pooled results from the three key studies these data demonstrate that Extraneal provides 
statistically greater net UF at all dwell times as compared with either 1.5% or 2.5% dextrose 
(p<0.001).  

The increased net UF observed with Extraneal was associated with greater peritoneal clearance 
of creatinine and urea nitrogen or urea as well.  The efficacy data from the 3 key studies also 
show that the number of patients who experienced negative net UF was significantly reduced in 
Extraneal-treated patients compared with dextrose-treated patients who received either 1.5% or 
2.5% dextrose (p<0.001).  In general, the net UF and peritoneal creatinine, urea nitrogen and urea 
clearance results of the subgroup analyses for age, gender, diabetes, hypertension, and race were 
similar to those of the main population. 

In a fourth controlled study of Extraneal (Study RD-97-CA-131), dextrose-treated patients had 
statistically significant increases from baseline in body weight compared with Extraneal-treated 
patients (p=0.022 at week 52).  The short-term changes in body weight were most likely related 
to changes in fluid balance.  The overall weight gain in the control patients over the course of the 
one-year study was most likely related to increased body fat due to the glucose load inherent in 
dextrose-based solutions.  The lack of weight gain in Extraneal patients may suggest a benefit of 
Extraneal in reducing weight gain due to excess glucose load. In this same study, there was a 
lower incidence of adverse events for peripheral edema (defined as 4+ edema), suggesting the 
possibility of better fluid management with Extraneal. 
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In order to assess whether Extraneal had any impact on quality of life, as compared to Dianeal, 
the Kidney Disease Quality of Life (KDQoL) Questionnaire was administered during Study RD-
97-CA-131.  

For patients who completed both the Baseline and the Week 52 KDQoL forms (N=25 Control, 
N=41 Extraneal), the overall scores for the Symptom/Problem items did not change significantly 
from Baseline to Week 52 within either treatment group.  Furthermore, at the item level, no 
statistical differences were detected when the mean changes in scores were compared between 
treatment groups.   

There were some KDQoL Symptom/Problem items for which the differences in change from 
Baseline to Week 52 between treatment groups exceeded 5 points.  There was a clinically 
meaningful difference favoring the Extraneal Group in 10 items while there was a clinically 
meaningful difference favoring the Control Group in 5 items.  Neither group had an advantage in 
the other 20 items. 

When asked to compare their health in general now versus 1 year ago, a significantly greater 
(p=0.030) percentage of patients in the Extraneal Group (30%) responded that their health was 
“much better now than 1 year ago” compared to patients in the Control Group (4%).   

7.2 RISKS 

Incidences of adverse events, related events, and serious events were similar in Extraneal and 
dextrose treated patients.  

In patients treated with Extraneal, the most common adverse events were peritonitis (26.4%), 
upper respiratory infection (15.0%), exit site infection (14.8%), hypertension (12.6%), anemia 
(11.2%), and rash (10.1%).  With the exception of rash, the incidence of these adverse events was 
comparable to that observed in the control group.  

The incidence of rash was higher among Extraneal patients compared with control (10.1 vs. 
4.6%). However, the overall incidence of Skin system events (27.0% Extraneal, 22.5% control) 
was not significantly different between the two groups (p=0.764).  Most rash events were mild or 
moderate in severity, appeared during the first 3 weeks of therapy, and often resolved even with 
continued use of Extraneal.  

 There were no reports of anaphylaxis, Stevens-Johnson syndrome or other serious immune-
mediated reactions associated with skin rash. 
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Events reported with an incidence differing by greater than 3% or more between treatment 
groups included rash and hypertension reported more frequently with Extraneal and hypotension 
and hypokalemia reported more frequently with control patients:  

Rash   10.1% Extraneal,   4.6% Control 
  Hypertension  12.6% Extraneal,   8.4% Control 
  Hypotension   6.5% Extraneal, 10.7% Control 
  Hypokalemia   6.9% Extraneal,  10.7% Control 
 

Observational data on mortality did not show any statistically significant differences in survival 
time between groups and no deaths in either treatment group were considered related to study 
drug.   

Laboratory evaluations demonstrated slight declines in mean sodium and chloride values in 
Extraneal patients, but the mean sodium values remained within normal limits.  The mean 
chloride levels were consistently slightly below normal.  These decreases are likely related to a 
dilutional effect caused by elevated blood levels of icodextrin and its metabolites.  This is further 
supported by increases in mean osmolality values.  Mean alkaline phosphatase levels were 
elevated in the Extraneal population, but remained within normal limits. No associated increases 
in liver function tests were observed. The overall changes in laboratory values were not clinically 
meaningful. 

7.3 OVERALL CONCLUSION 

The overall benefit/risk profile of Extraneal is summarized in Table 7A. 
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Table 7A: Benefits and Risks of Extraneal 

BENEFITS RISKS 

• Increased net Ultrafiltration for single long dwell 

prescriptions  

• Reduced percentage of patients with negative net 

UF 

• Increased peritoneal creatinine clearance for single 

long dwell prescriptions  

• Increased peritoneal urea nitrogen or urea 

clearance for single long dwell prescriptions  

• Potential benefit in reducing weight gain and 

edema 

• 30% of patients in long-term study reported 

improved quality of life compared to a year ago 

versus 4% of control patients 

• Most events were mild or moderate in severity 

and profile similar to active control 

• Skin adverse events (rash) most frequent related 

events 

• Slight changes in alkaline phosphatase, sodium, 

chloride with no known clinical relevance 

 

In conclusion, the clinical studies in this NDA clearly demonstrate that patients treated with 
Extraneal have a significantly improved ultrafiltration compared with patients treated with either 
1.5% or 2.5% dextrose solutions. Extraneal also significantly reduced the percentage of patients 
with negative net UF across these dextrose concentrations. Extraneal significantly enhanced 
waste solute clearance as compared to 1.5% and 2.5% dextrose solutions. The safety profile of 
Extraneal was comparable to currently marketed dextrose-based  dialysis solutions.  Thus, 
Extraneal is optimally suited for use as a single daily exchange for the long dialysis dwell.
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8.0 PROPOSED LABELING 

8.1 Package Insert 

EXTRANEALTM 

(7.5% Icodextrin) Peritoneal Dialysis Solution 

 

DESCRIPTION 

EXTRANEAL (7.5% Icodextrin) Peritoneal Dialysis Solution is a peritoneal dialysis solution 
containing the colloid osmotic agent icodextrin.  Icodextrin is a starch derived, water soluble 
glucose polymer linked by alpha (1-4) and alpha (1-6) glucosidic bonds with a weight average 
molecular weight between 12,000 and 20,000 Daltons and a number average molecular weight 
between 5,000 and 6,500 Daltons.  The representative structural formula of icodextrin is: 
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Each 1 liter of Extraneal contains:   Electrolyte content per 1 liter: 
 
Icodextrin   75.0 g 
Sodium Chloride    5.4 g 
Sodium Lactate    4.5 g 
Calcium Chloride  257 mg 
Magnesium Chloride    51 mg 

 
 Sodium  132 mEq/l 
 Calcium  3.5 mEq/l 
 Magnesium  0.5 mEq/l 
 Chloride  96 mEq/l 
 Lactate   40 mEq/l 

 
Water for Injection, USP qs 
HCl/NaOH may have been used to adjust pH 
Extraneal contains no bacteriostatic or antimicrobial agents. 
Theoretical osmolarity:  285-288 mOsm/L;  pH=5.2 
Extraneal is available for intraperitoneal administration only as a sterile, nonpyrogenic, clear 
solution in 1.5 L, 2.0 L and 2.5 L Ambu-Flex III and Ultrabag containers.  The container 
systems are composed of polyvinyl chloride.  
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CLINICAL PHARMACOLOGY 

Mechanism of Action 

Extraneal is an isosmotic peritoneal dialysis solution containing glucose polymers (icodextrin) as 
the primary osmotic agent.  Icodextrin functions as a colloid osmotic agent to achieve sustained 
ultrafiltration during long peritoneal dialysis dwells.  Icodextrin acts in the peritoneal cavity by 
exerting osmotic pressure across small intercellular pores resulting in a steady rate of 
transcapillary ultrafiltration throughout the dwell.  Extraneal also contains electrolytes to help 
normalize electrolyte balance and lactate to help normalize acid-base status.  
 
Pharmacokinetics of Icodextrin 

Absorption 

Absorption of icodextrin from the peritoneal cavity follows zero-order kinetics consistent with 
convective transport via peritoneal lymphatic pathways.  In a single-dose pharmacokinetic study 
using Extraneal, a median of 40.1% (60.2 g) of the instilled icodextrin was absorbed from the 
peritoneal solution during a 12-hour dwell.  Plasma levels of icodextrin rose during the dwell and 
declined after the dwell was drained, consistent with a one-compartment model with zero order 
absorption and first order elimination.  Peak plasma concentrations (median Cpeak = 2.23 g/L) 
were observed at the end of the long dwell exchange (median Tmax = 12.7 hours) with plasma 
levels returning to baseline values within 3 to 7 days following cessation of icodextrin 
administration.  Icodextrin had a plasma half-life of 14.7 hours and a median clearance rate of 
1.08 L/hr.  The mean steady-state plasma levels of icodextrin predicted from the above 
parameters (5.26 g/L) corresponded very closely to the stable plasma icodextrin values observed 
during long-term administration.  In multidose studies, steady-state levels of icodextrin were 
achieved within one week and returned to baseline within one week after discontinuation of 
Extraneal use. 
 
Metabolism 

Icodextrin is metabolized by alpha-amylase into oligosaccharides with a lower degree of 
polymerization (DP), including maltose (DP2), maltotriose (DP3), maltotetraose (DP4), and 
higher molecular weight species. In a single dose study, DP2, DP3 and DP4 showed a progressive 
rise in plasma concentrations with a profile similar to that for total icodextrin, with peak values 
reached by the end of the dwell and declining thereafter. Only very small increases in blood 
levels of larger polymers were observed.  Steady-state plasma levels of icodextrin metabolites 
were achieved within one week and stable plasma levels were observed during long-term 
administration.  Some degree of metabolism of icodextrin occurs intraperitoneally with a 
progressive rise in the concentration of the smaller polymers in the dialysate during the 12-hour 
dwell.   
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Elimination 

Icodextrin undergoes renal elimination in direct proportion to the level of residual renal function 
(r=0.824 vs creatinine clearance, p<0.01).  In nine patients with residual renal function (mean 
creatinine clearance: 5.0 ± 1.5 ml/min), the average daily urinary excretion of icodextrin was 473 
± 77 mg per ml of creatinine clearance.  Diffusion of the smaller icodextrin metabolites from 
plasma into the peritoneal cavity is also possible after systemic absorption and metabolism of 
icodextrin.   
 
Special Populations 

Geriatrics 

In clinical studies of Extraneal in which plasma levels of icodextrin and its metabolites were 
measured, 95 patients were aged 65 and older.  No apparent differences in plasma levels were 
observed in patients aged 65 and older as compared to patients under age 65.   
 
Gender and Race 

Although no specific studies were conducted to evaluate the differences between gender and race 
within the clinical trial data for icodextrin, no known differences have been detected. 
 

Pharmacodynamics and Clinical Effects 

Extraneal has demonstrated efficacy as a peritoneal dialysis solution in clinical trials of 
approximately 400 patients studied with end-stage renal disease (ESRD). 

 

Ultrafiltration, Urea and Creatinine Clearance, Negative Net Ultrafiltration 

In active controlled trials from one to six months in duration, Extraneal used once daily for the 
long dwell in either continuous ambulatory peritoneal dialysis (CAPD) or ambulatory peritoneal 
dialysis (APD) therapy resulted in higher net ultrafiltration and clearances when compared with 
2.5% dextrose solutions.   In 175 CAPD patients randomized to Extraneal (N=90) or 2.5% 
dextrose solution (N=85) for the 8-15 hour overnight dwell for one month, mean net 
ultrafiltration for the overnight dwell was significantly greater for the Extraneal group 
compared to the 2.5% dextrose group when evaluated at weeks 2 and 4 (Figure 1).   
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Figure 1 - Mean Net Ultrafiltration for the Overnight Dwell (RD-97-CA-130) 
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In 39 APD patients randomized to Extraneal or 2.5% dextrose solution for the long, daytime 
dwell (10-17 hrs) for three months, the average net ultrafiltration reported during the treatment 
period was 278 ± 43 ml for the Extraneal group and –138 ± 81 ml for the dextrose group 
(P<0.001). 

 

Mean creatinine and urea nitrogen clearances were significantly greater for Extraneal as 
compared with 2.5% dextrose in CAPD patients at weeks 2 and 4 (Figure 2) and in APD patients 
at weeks 6 and 12 (P<0.001).  

 

Figure 2 – Mean Creatinine and Urea Clearance for the Overnight Dwell (RD-97-CA-130) 
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Extraneal resulted in a significant decrease in the percentage of patients with negative net UF 
during long peritoneal dialysis dwells (10-17 hrs).  When compared to 2.5% dextrose solution, 
the percentage of patients who were unable to achieve positive or zero ultrafiltration was 
significantly lower for patients using Extraneal for the long dwell in both CAPD and APD.    

 

Long-term (12 month) Use 

A randomized 12-month safety study (N=287) evaluated a single daily exchange of Extraneal for 
the 8 to 16-hour dwell in ESRD patients using CAPD or APD.  One hundred seventy-five (175) 
patients were randomized to Extraneal and 112 patients to 2.5% dextrose.  

 

Body Weight: Long-term use (12 months) of Extraneal resulted in maintenance of stable body 
weight compared to a mean weight gain of 2.3 kg in the 2.5% dextrose group. The lack of weight 
gain observed in the Extraneal group may be related to a reduction in the glucose load during 
long dwells.  

 

Fluid Balance: Significantly fewer patients receiving Extraneal reported edema at Weeks 26 and 
39 during the 12-month study when compared to patients on 2.5% dextrose (20% vs 35%). 
Overall, 17.9% of patients in the control group reported peripheral edema as compared to 6.3 % 
in the Extraneal group. 

 

Peritoneal Membrane Transport Characteristics: After one year of treatment with Extraneal 
during the long dwell exchange, there were no differences in membrane transport characteristics 
for urea and creatinine.  There was a slight increase in the mass transfer area coefficient 
(MTAC) for glucose at one year, but it was not different from the change in MTAC in patients 
receiving treatment with 2.5% dextrose solution for the long dwell.    

 

Quality of Life: Quality of life in the 12-month study was assessed by the Kidney Disease 
Quality of Life (KDQoL) evaluation.  When asked to evaluate their general health at study 
completion, versus their baseline assessment, a significantly greater percentage of patients in the 
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Extraneal group (30%) responded that their health was “much better now than one year ago” 
compared to the Control group (4%) (p<0.03).   

 

INDICATIONS AND USAGE 

Extraneal is indicated for a single daily exchange for the long (8 – 16 hour) dwell during 
continuous ambulatory peritoneal dialysis (CAPD) or automated peritoneal dialysis (APD) for 
the management of chronic renal failure. 
 
In clinical studies, Extraneal demonstrated enhanced ultrafiltration and creatinine and urea 
clearances when compared to 2.5% dextrose solutions.  The percentage of patients with net 
negative ultrafiltration was significantly reduced with Extraneal compared to 2.5% dextrose (See 
CLINICAL PHARMACOLOGY –Pharmacodynamics and Clinical Effects). 
 

CONTRAINDICATIONS 

Extraneal is contraindicated in patients with a known allergy to cornstarch or icodextrin or in 
patients with glycogen storage disease. 
 

WARNINGS 

Not for intravenous injection. 
 
PRECAUTIONS 

General 

Peritoneal Dialysis Related 

All peritoneal dialysis solutions, including Extraneal, should be used with caution in patients 
with a history of abdominal surgery within thirty days of commencement of therapy, abdominal 
fistulae, tumors, open wounds, hernia or other conditions which compromise the integrity of the 
abdominal wall, abdominal surface or intra-abdominal cavity.  Caution should also be used in 
patients with conditions that preclude normal nutrition, patients with impaired respiratory 
function, and patients with potassium deficiency. 
 
Aseptic technique should be employed throughout the peritoneal dialysis procedure to reduce the 
possibility of infection.  If peritonitis occurs, the choice and dosage of antibiotics should be based 
upon the results of culture and sensitivity of the isolated organisms.  Prior to identification of 
involved organisms, broad-spectrum antibiotics may be indicated. 
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Patient’s volume status should be carefully monitored to avoid hyper- or hypovolemia and 
potentially severe consequences including congestive heart failure, volume depletion and 
hypovolemic shock.  An accurate fluid balance record must be kept and the patient’s body weight 
monitored. 
 
Significant losses of protein, amino acids, and water-soluble vitamins may occur during 
peritoneal dialysis.  The patient’s nutritional status should be monitored and replacement therapy 
provided as necessary. 
 
Extraneal solution should be inspected for clarity, absence of particulate matter and container 
integrity.  Solutions, which are cloudy, contain particulate matter, or evidence of leakage should 
not be used. 
 
Treatment should be initiated and monitored under the supervision of a physician knowledgeable 
in the management of patients with renal failure. 
 
 
Insulin dependent diabetes mellitus 

Patients with insulin dependent diabetes may require modification of insulin dosage following 
initiation of treatment with Extraneal.  Appropriate monitoring of blood glucose should be 
performed and insulin dosage adjusted if needed (See Drug /Laboratory Test Interactions). 
 
Information for Patients 

Patients should be instructed to inspect each container of Extraneal solution for clarity, 
particulate matter, color and integrity of the container prior to use.  Solutions should not be used 
if they are cloudy, discolored, contain visible particulate matter or if they have evidence of 
leaking containers. 

 
Aseptic technique should be employed throughout the procedure.   
 
To reduce possible discomfort during administration, patients should be instructed that solutions 
may be warmed to 37°C (98°F) prior to use.  Only dry heat should be used. It is best to warm 
solutions within the overwrap. To avoid contamination, solutions should not be immersed in 
water for warming.  Do not use a microwave oven to warm Extraneal. Heating the solution above 
45°C (113°F ) may be detrimental to the solution.  (See Directions for Use) 
 

Additional information for patients is provided at the end of the labeling.  

 

Laboratory Tests 
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Serum Electrolytes 

Decreases in serum sodium and chloride have been observed in patients using Extraneal.  The 
declines in serum sodium and chloride may be related to dilution resulting from the presence of 
icodextrin metabolites in plasma.  Although these decreases have been regarded as clinically 
unimportant, monitoring of the patients’ serum electrolyte levels as part of routine blood 
chemistry testing is recommended.  
 
Extraneal does not contain potassium.  Evaluation of serum potassium should be made prior to 
administering potassium chloride to the patient.   
 
Alkaline Phosphatase 

An increase in mean serum alkaline phosphatase has been observed in clinical studies of ESRD 
patients receiving Extraneal. No associated increases in liver function tests were observed.  
Serum alkaline phosphatase levels did not show evidence of progressive increase over a 12-
month study period.  Levels returned to normal approximately two weeks after discontinuation of 
Extraneal.  
 
Drug Interactions 

General 
No clinical drug interaction studies were performed.  No evaluation of Extraneal’s effects on the 
cytochrome P450 system was conducted.  As with other dialysis solutions, blood concentrations 
of dialyzable drugs may be reduced by dialysis.  Dosage adjustment of concomitant medications 
may be necessary.  In patients using cardiac glycosides, plasma levels of calcium, potassium and 
magnesium must be carefully monitored.   
 

Insulin 

A clinical study in 6 insulin dependent diabetic patients demonstrated no effect of Extraneal on 
insulin absorption from the peritoneal cavity or on insulin’s ability to control blood glucose when 
insulin was administered intraperitoneally with Extraneal.  However, appropriate monitoring  (See 
Drug /Laboratory Test Interactions) of blood glucose should be performed when initiating Extraneal 
in diabetic patients and insulin dosage should be adjusted if needed (See Precautions).    
 
Heparin 

No human drug interaction studies with heparin were conducted.  In vitro studies demonstrated 
no evidence of incompatibility of heparin with Extraneal. 
 

Antibiotics 
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No human drug interaction studies with antibiotics were conducted.  In vitro studies evaluating 
the minimum inhibitory concentration (MIC) of vancomycin, cefazolin, ampicillin, 
ampicillin/flucoxacillin, ceftazidime, gentamicin, and amphotericin demonstrated no evidence of 
incompatibility of these antibiotics with Extraneal. (See Dosage and Administration) 
   
Drug/Laboratory Test Interactions 

Blood Glucose 

Blood glucose measurement must be done with a glucose specific method to prevent maltose 
interference with test results.  Glucose dehydrogenase pyrroloquinolinequinone (GDH PQQ) 
based methods should not be used.   
 
Serum Amylase 

An apparent decrease in serum amylase activity has been observed in patients administered 
Extraneal.  Preliminary investigations indicate that icodextrin and its metabolites interfere with 
enzymatic based amylase assays, resulting in inaccurately low values.  This should be taken into 
account when evaluating serum amylase levels for diagnosis or monitoring of pancreatitis in 
patients using Extraneal.  
 
Carcinogenesis, Mutagenesis, Impairment of Fertility 
Icodextrin did not demonstrate evidence of mutagenic potential in in vitro or in vivo studies 
performed.  Long-term animal studies to evaluate the carcinogenic potential of Extraneal or 
icodextrin have not been conducted.   Icodextrin is derived from maltodextrin, a common food 
ingredient that is generally regarded as safe.   
 
A preliminary fertility study in rats revealed slightly low epididymal weights in parental males in 
the high dose group (1.5 g/kg/day), as compared to Control.  Toxicological significance of this 
finding was not evident as no other reproductive organs were affected and all males were of 
proven fertility.  Studies on the effects of icodextrin on male and female fertility have not been 
performed.  
 

Pregnancy 

Pregnancy Category C 

Complete animal reproduction studies have not been conducted with Extraneal or icodextrin.  
Thus it is not known whether icodextrin or Extraneal solution can cause fetal harm when 
administered to a pregnant woman or affect reproductive capacity.   
Extraneal should only be utilized in pregnant women when the need outweighs the potential 
risks.   
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A preliminary study of the effects of icodextrin on the fertility and pregnancy in rats 
demonstrated no effects of treatment with icodextrin on mating performance, fertility, litter 
response, embryo-fetal survival, or fetal growth and development. 
 

Nursing Mothers 

It is not known whether icodextrin or its metabolites are excreted in human milk.  Because many 
drugs are excreted in human milk, caution should be exercised when Extraneal is administered to 
a nursing woman. 
 
Pediatric Use 

Safety and effectiveness in pediatric patients have not been established. 
 
Geriatric Use 

No formal studies were specifically carried out in the geriatric population.  However, 
approximately 25% of the patients in clinical studies of Extraneal were age 65 or older, with ~ 
4% of patients age 75 or older.  No overall differences in safety or effectiveness were observed 
between these patients and patients under age 65.  Although clinical experience has not identified 
differences in responses between the elderly and younger patients, greater sensitivity of some 
older individuals cannot be ruled out.  
 
ADVERSE REACTIONS 

Adverse Reactions from Clinical Trials  

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in clinical trials of a drug cannot be compared to rates in the clinical trials of another 
drug and may not reflect the rates observed in practice.  The adverse reaction information from 
clinical trials does, however, provide a basis for identifying the adverse events that appear to be 
related to drug use and for approximating rates. 
Significance of Adverse Reaction Data Obtained from Clinical Trials 

Extraneal was studied in controlled clinical trials of 366 patients with end-stage renal disease, 
including 60 patients exposed for 6 months and 155 patients exposed for one year. The 
population was 18-93 years of age, 56% male and 44% female, 73% Caucasian, 18% Black, 4% 
Asian, 3% Hispanic and included patients with the following comorbid conditions:  26.8% 
diabetes, 49.3% hypertension and 23.1% hypertensive nephropathy.  All patients received a 
single daily exchange of Extraneal for the long dwell (8-16 hours).  
 
Rash was the most frequently occurring icodextrin-related adverse event (5.5%, Extraneal; 1.7% 
Control). A listing of adverse events reported in these same clinical studies, regardless of 
causality, occurring in > 5% of patients is presented in Table 1.  
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Additional adverse reactions that were possibly, probably or definitely related to Extraneal with 
an incidence of less than 5% within each body system were as follows:  
Body as a Whole --Pain neck, PD catheter dysfunction, Face edema, Bloody effluent; 
Cardiovascular--Postural hypertension, tachycardia, Cardiovascular disease, Syncope, 
Cerebrovascular accident, Palpitations; Hematologic and Lymphatic--Leukocytosis, 
Eosinophilia; Digestive--Anorexia, Liver function abnormal, Constipation, Gastrointestinal 
disorder, Flatulence, Gastritis, Intestinal obstruction, Stomach ulcer, Gastroenteritis, Stool 
abnormal; Metabolic and Nutrition-- Dehydration, Hypovolemia, Hypochloremia, 
Hypomagnesemia, Weight increase, Increase alkaline phosphatase, Hyponatremia, 
Hypoglycemia, Increase SGOT, Increase SGPT, Decrease weight, Decrease ultrafiltration, 
Increase Creatinine; Musculoskeletal--Myalgia, Cramps Leg, Cramping, and Bone Pain; Nervous-
-Paresthesia, Dry mouth, Anxiety, Hyperkinesia, Nervousness, Abnormal thinking, Insomnia, 
Somnolence, Depression; Respiratory--Lung disorder, Lung edema, Hiccup, Rhinitis, Skin--
Exfoliative dermatitis, Nail disorder, psoriasis, Rash macular papular, Eczema, Furunculosis, 
Rash vesicle bullar, Skin discoloration, Dry skin, Skin ulcer, Urticaria;Special Senses--Taste loss, 
Taste perversion; Urogenital—Pain kidney, Edema scrotum. 

 
Table 1 - Adverse Experiences in >5 % of Patients 
 

  Extraneal 
N = 366 

Control 
N=347 

 N (%) N (%) 
Body in General   
 
 
 
 
 
 

Peritonitis 130 (26.4) 88 (25.4) 

 Exit Site Infection 73 (14.8) 58 (16.7) 
 Pain 48 (9.7) 43 (12.4) 
 Headache 43 (8.7) 23 (6.6) 
 Pain Abdominal 39 (7.9) 20 (5.8) 
 Flu Syndrome 35 (7.1) 21 (6.1) 
 Injury Accidental 31 (6.3) 14 (4.0) 
 Asthenia 28 (5.7) 27 (7.8) 
 Lab Test Abnormal 25 (5.1) 12 (3.5) 
 Pain Chest 25 (5.1) 12 (3.5) 
 Pain Back 22 (4.5) 18 (5.2) 
 Infect 21 (4.3) 19 (5.5) 
Cardiovascular   
 Hypertension 62 (12.6) 29 (8.4) 
 Hypotension 32 (6.5) 37 (10.7) 
Digestive   
 
 
 

Diarrhea 40 (8.1) 33 (9.5) 



Cardio-Renal Advisory Committee Briefing Document 
08/09/01 

BAXTER HEALTHCARE   EXTRANEAL (7.5% Icodextrin) 
  NDA 21-321 
 

 105 

 Nausea 35 (7.1) 17 (4.9) 
 Nausea vomit 25 (5.1) 21 (6.1) 
 Dyspepsia 25 (5.1) 13 (3.7) 
 Vomit 22 (4.5) 19 (5.5) 
Hematologic & Lymphatic   
 Anemia 55 (11.2) 39 (11.2) 
Metabolic and Nutrition   
 
 
 

Hypokalemia 34 (6.9) 37 (10.7) 

 Hypoproteinemia 34 (6.9) 32 (9.2) 
 Hypervolemia 28 (5.7) 20 (5.8) 
 Edema 28 (5.7) 17 (4.9) 
 Hyperphosphatemia 25 (5.1) 26 (7.5) 
 Hyperglycemia 25 (5.1) 12 (3.5) 
 Edema Periph 18 (3.7) 29 (8.4) 
Musculoskeletal   
 Arthralgia 31 (6.3) 27 (7.8) 
Nervous   
 Dizziness 27 (5.5) 19 (5.5) 
Respiratory   
 
 

Upper Res Infection 74 (15.0) 46 (13.3) 

 Cough increase 35 (7.1) 13 (3.7) 
 Dyspnea 26 (5.3) 24 (6.9) 
Skin   
 Rash 50 (10.1) 16 (4.6) 
 Pruritus 27 (5.5) 23 (6.6) 
 Skin Disorder 11 (2.2) 18 (5.2) 

 

Peritoneal Dialysis Related 

Adverse events common to the treatment modality of peritoneal dialysis including peritonitis, 
infection around the catheter, fluid and electrolyte imbalance, and pain were observed at a similar 
frequency with Extraneal and Controls (See Precautions).   
 
Changes in Alkaline Phosphatase and Serum Electrolytes 

An increase in mean serum alkaline phosphatase has been observed in clinical studies of ESRD 
patients receiving Extraneal. No associated increases in liver function tests were observed.  
Serum alkaline phosphatase levels did not show evidence of progressive increase over a 12-
month study period.  Levels returned to normal approximately two weeks after discontinuation of 
Extraneal.  
 
Decreases in serum sodium and chloride have been observed in patients using Extraneal.  The 
declines in serum sodium and chloride may be related to dilution resulting from the presence of 
icodextrin metabolites in plasma.  Although these decreases have been regarded as clinically 
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nonsignificant, monitoring of the patients serum electrolyte levels as part of routine blood 
chemistry testing is recommended.  
 
 
 
DRUG ABUSE AND DEPENDENCE 

There has been no observed potential of drug abuse or dependence with Extraneal. 
 

OVERDOSAGE 

No data is available on experiences of overdosage with Extraneal.  Overdosage of Extraneal may 
result in higher levels of serum icodextrin and metabolites.  It is unknown what symptoms may 
be caused from exposure in excess of those observed in clinical trials.  In the event of overdosage 
with Extraneal, continued peritoneal dialysis with glucose-based solutions should be provided.   
 

DOSAGE AND ADMINISTRATION 

Extraneal is intended for intraperitoneal administration only.  It should be administered only as a 
single daily exchange for the long dwell in continuous ambulatory peritoneal dialysis or 
automated peritoneal dialysis.   The recommended dwell time is 8 to 16 hours. 
 
Patients should be carefully monitored to avoid under or over hydration.  An accurate fluid 
balance record must be kept and the patient’s body weight monitored to avoid over or under 
hydration and potentially severe consequences including congestive heart failure, volume 
depletion and hypovolemic shock.  
 
Aseptic technique should be used throughout the peritoneal dialysis procedure.  
 
To reduce possible discomfort during administration, patients should be instructed that solutions 
may be warmed to 37°C (98°F) prior to use.  Only dry heat should be used.  To avoid 
contamination, solutions should not be immersed in water for warming.  Do not use a microwave 
oven to warm Extraneal.  Heating the solution above 45°C (113°F ) may be detrimental to the 
solution.  (See Directions for Use) 
 
Extraneal should be administered over a period of 10-20 minutes at a rate that is comfortable for 
the patient.  
 
Parenteral drug products, including Extraneal, should be visually inspected for particulate matter, 
leakage and discoloration prior to use.  Should these be present, discard product; do not use. 
 
Following use, the drained fluid should be inspected for the presence of fibrin or cloudiness, 
which may indicate the presence of an infection.   
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Addition of Insulin 

Addition of insulin to Extraneal was evaluated in 6 insulin dependent diabetic patients 
undergoing CAPD for end stage renal disease. No interference of Extraneal on insulin absorption 
from the peritoneal cavity or on insulin’s ability to control on blood glucose was observed (See 
Drug /Laboratory Test Interactions).  Appropriate monitoring of blood glucose should be 
performed when initiating Extraneal in diabetic patients and insulin dosage adjusted if needed 
(See Precautions). 
 
Addition of Heparin 
No human drug interaction studies with heparin were conducted.  In vitro studies demonstrated no 
evidence of incompatibility of heparin with Extraneal. 
 
 

 

Addition of Antibiotics 

No formal clinical drug interaction studies have been performed.  In vitro compatibility studies 
with Extraneal and the following antibiotics have demonstrated no effects with regard to 
minimum inhibitory concentration (MIC): vancomycin, cefazolin, ampicillin/flucoxcillin, 
ceftazidime, gentamicin, and amphotericin.   
Patients undergoing peritoneal dialysis should be under careful supervision of a physician 
experienced in the treatment end-stage renal disease with peritoneal dialysis.  It is recommended 
that patients being placed on peritoneal dialysis should be appropriately trained in a program that 
is under supervision of a physician.  Training materials are available from Baxter Healthcare 
Corporation, Deerfield, IL 60015, USA. 
 
Directions for Use 

For complete CAPD and APD system preparation, see directions accompanying ancillary 
equipment. 
 
Aseptic technique should be used. 
 
Warming 

For patient comfort, Extraneal can be warmed to 37°C (98°F).   Only dry heat should be used.  It 
is best to warm solutions within the overwrap.  Do not immerse Extraneal in water for warming. 
Do not use a microwave oven to warm Extraneal.  Heating above 45°C (113°F) may be 
detrimental to the solution.  
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To Open 

To open, tear the over wrap down at the slit and remove the solution container.  Some opacity of 
the plastic, due to moisture absorption during the sterilization process, may be observed.  This 
does not affect the solution quality or safety and may often leave a slight amount of moisture 
within the overwrap. 
 
Inspect for Container Integrity 

Inspect the container for signs of leakage and check for minute leaks by squeezing the container 
firmly. 
 

Adding Medications 

Some drug additives may be incompatible with Extraneal.  See DOSAGE AND 
ADMINISTRATION section for additional information.  If the re-sealable rubber plug on the 
medication port is missing or partly removed, do not use the product if medication is to be added.   
1. Prepare medication port site. 
2. Using a syringe with a 1-inch long, 25 to 19-gauge needle, puncture the medication port 

and inject additive. 
3. Reposition container with container ports up and evacuate medication port by squeezing 

and tapping it. 
4. Mix container thoroughly. 
 

Preparation for Administration 

1. Place Extraneal on flat surface or suspend from support (depending on ancillary 
equipment). 

2. Remove protector from outlet port on container. 
3. Attach solution transfer set.  Refer to complete instructions with ancillary equipment or 

transfer set. 
4. Discard any unused portion. 
 
HOW SUPPLIED 
Extraneal (7.5% icodextrin) Peritoneal Dialysis Solution is available in the following containers 
and fill volumes: 
 
Container Fill Volume NDC 
Ultra-Bag 1.5 L NDC 0941-0679-51 
Ultra-Bag 2.0 L NDC 0941-0679-52 
Ultra-bag  2.5 L NDC 0941-0679-53 
Ambu-Flex 1.5 L NDC 0941-0679-45 
Ambu-Flex 2.0 L NDC 0941-0679-47 
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Ambu-Flex 2.5 L NDC 0941-0679-48 
 
Each liter of Extraneal contains 75 grams of icodextrin in an electrolyte solution with 40 mEq/l 
lactate.  
 
Extraneal should be stored at controlled room temperature 68–77°F (20–25°C).  Store in 
moisture barrier overwrap in carton until ready to use.  
  
Avoid excessive heat (104°F/40°C) and protect from freezing.  
 
Rx Only 
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8.2 INFORMATION FOR PATIENTS 

  

Questions and Answers About 

Extraneal 
(generic name = 7.5% icodextrin peritoneal dialysis solution) 

 
What is the Most Important Information I should Know About Extraneal? 

Extraneal (pronounced “X-tra-neel”) is used for the long dwell exchange (8 to 16 hours) in peritoneal 
dialysis. You should use Extraneal only for this exchange and not more than one exchange in 24 hours. 
 
You should not use Extraneal if you are allergic to cornstarch, or have had an allergic reaction to 
icodextrin.  Potentially serious skin rash may occur with Extraneal.  If you develop a rash, call your 
doctor immediately. 
 
As with all peritoneal dialysis solutions, it is important to make sure the solution is clear, and that the bag 
is not leaking before use.  Always use sterile technique when using Extraneal.  Report any symptoms of 
infection (pain, redness, heat) to your doctor immediately. 
 
What is Extraneal? 

Extraneal is a sterile peritoneal dialysis solution. Extraneal contains icodextrin in place of glucose found 
in other peritoneal dialysis solutions.  Icodextrin is made from cornstarch.  It draws fluid and wastes from 
your bloodstream into your peritoneal cavity.  The fluids and wastes are removed from your body when 
the Extraneal solution is drained. 
 
 
Who should not use Extraneal? 
Do not use Extraneal if you are allergic to icodextrin or cornstarch.   
 
How Should I Use Extraneal? 

Your doctor has prescribed Extraneal for your long dwell (8 to16 hours) peritoneal dialysis 
exchange.  You should use Extraneal for this exchange only and not more than one 
exchange in 24 hours. 

 
It is very important that you make sure that you follow the steps shown to you in your peritoneal dialysis 
training.  All surfaces and connecting parts must be clean to avoid serious infection.   
 
Always check to make sure the bags are not leaking and that the solution is clear and has not expired, 
before using.  Make sure that the solution is clear and does not contain particles.  Do not use bags that are 
cloudy, leaking or contain particles.  Do not use Extraneal after the expiration date shown on the carton 
and product label. 
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You must use sterile technique while performing a dialysis exchange.    
 
To make using Extraneal more comfortable, it can be warmed in the overpouch to 98.6°F/37C before use.  
This should be done using dry heat only.  To avoid increased risk of infection, do not place Extraneal in 
hot water to heat the bags.  Do not microwave Extraneal. 
 
Extraneal should be instilled over 10 to 20 minutes at a rate that is comfortable for you.  When draining 
the fluid after the dwell, always check the drained fluid for cloudiness or fibrin.  Cloudy drained fluid 
may indicate an infection.   
 
When your doctor prescribes Extraneal, he/she should instruct you to carefully monitor your fluid 
balance.  You must keep an accurate fluid record and carefully monitor your body weight to avoid over 
or under hydration, which may have serious effects such as heart failure and shock. 
 
If you take medications for blood pressure or insulin for diabetes, you doctor may need to adjust 

these medications when you begin using Extraneal.  Your doctor may also instruct you to 
have certain blood tests done. It is important that you follow your doctor’s orders. 

 
Talk to your doctor before adding any other medications to Extraneal.   
 

What are the side effects of Extraneal? 

Rash  In some patients Extraneal may cause a rash or itching and peeling of the skin that may start on the 
palms of hand and feet or affect other parts of the body.   If you develop a rash or itching and peeling of 
your skin, you should tell your doctor immediately. 
 
Other Side Effects  As with other peritoneal dialysis solutions, you may experience side effects such as 
pain on infusion, muscle cramps, decreased appetite, nausea, vomiting, changes in blood pressure, fluid 
changes, and changes in electrolyte (e.g. sodium, potassium) levels.  Infection (peritonitis) can also 
occur.   
 
 It is important that you tell your doctor immediately if you experience any symptoms.  
 
How should I store Extraneal? 
 
Extraneal should be stored at controlled room temperature 68 – 77°F (20 –25°C). Store in moisture 
barrier overpouch in carton until ready to use.  
Avoid Excessive Heat (40°C/104°F). 
Protect from freezing. 
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BSTRACT

 

Background

 

The extent to which renal allotrans-
plantation — as compared with long-term dialysis —
improves survival among patients with end-stage re-
nal disease is controversial, because those selected
for transplantation may have a lower base-line risk
of death.

 

Methods

 

In an attempt to distinguish the effects
of patient selection from those of transplantation it-
self, we conducted a longitudinal study of mortality in
228,552 patients who were receiving long-term dialy-
sis for end-stage renal disease. Of these patients,
46,164 were placed on a waiting list for transplanta-
tion, 23,275 of whom received a first cadaveric trans-
plant between 1991 and 1997. The relative risk of death
and survival were assessed with time-dependent non-
proportional-hazards analysis, with adjustment for
age, race, sex, cause of end-stage renal disease, geo-
graphic region, time from first treatment for end-stage
renal disease to placement on the waiting list, and
year of initial placement on the list.

 

Results

 

Among the various subgroups, the stand-
ardized mortality ratio for the patients on dialysis who
were awaiting transplantation (annual death rate, 6.3
per 100 patient-years) was 38 to 58 percent lower than
that for all patients on dialysis (annual death rate,
16.1 per 100 patient-years). The relative risk of death
during the first 2 weeks after transplantation was 2.8
times as high as that for patients on dialysis who had
equal lengths of follow-up since placement on the
waiting list, but at 18 months the risk was much low-
er (relative risk, 0.32; 95 percent confidence interval,
0.30 to 0.35; P<0.001). The likelihood of survival be-
came equal in the two groups within 5 to 673 days
after transplantation in all the subgroups of patients
we examined. The long-term mortality rate was 48 to
82 percent lower among transplant recipients (annual
death rate, 3.8 per 100 patient-years) than patients on
the waiting list, with relatively larger benefits among
patients who were 20 to 39 years old, white patients,
and younger patients with diabetes.

 

Conclusions

 

Among patients with end-stage re-
nal disease, healthier patients are placed on the wait-
ing list for transplantation, and long-term survival is
better among those on the waiting list who eventu-
ally undergo transplantation. (N Engl J Med 1999;
341:1725-30.)
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N patients with end-stage renal disease, success-
ful renal allotransplantation improves the qual-
ity of life and increases survival, as compared
with long-term dialysis treatment.

 

1-3 

 

The surviv-
al advantage of renal transplantation varies among
patients,

 

4-7

 

 but this variability has not been well char-
acterized. Most studies have not considered the fact
that transplant recipients are derived from a highly
selected subgroup of patients on dialysis who are
deemed suitable candidates for transplantation. Pa-
tients on dialysis who are placed on the waiting list for
cadaveric renal transplantation are on average young-
er and healthier and of higher socioeconomic status
than those who are not selected.

 

8-10

 

 Because of these
selection factors, the survival of patients on dialysis
who are awaiting transplantation is better than that of
other patients on dialysis, even before renal trans-
plantation.

The number of cadaveric organs available has not
kept up with the increasing number of patients await-
ing transplantation.

 

11

 

 The rapid expansion of the re-
cipient pool, particularly of high-risk patients, has
increased the pressure on transplantation programs
to devise appropriate selection criteria (e.g., age) to
optimize the use of scarce organs. The present study
was designed to compare survival of patients under-
going transplantation with survival of those awaiting
transplantation.

 

METHODS

 

We used data from the U.S. Renal Data System for this study.
From 1991 through 1996, 252,358 patients under the age of 70
years began treatment for end-stage renal disease in the United
States. We excluded patients who were 70 years of age or older,
because only about 1 percent of them received a cadaveric renal
transplant; those whose race was listed as other than Asian, Native
American, black, or white; and those for whom the cause of end-
stage renal disease or the region they were from was not reported.
Patients who received transplants without first undergoing dialy-
sis were also excluded. The resulting study population included

I
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228,552 patients, of whom 46,164 had been placed on the wait-
ing list for transplantation for the first time. Among these patients
on the waiting list, 23,275 received a first cadaveric transplant by
December 31, 1997.

Survival was analyzed as the time from initial placement on the
waiting list to death, with data censored at the time of receipt of

a first transplant from a living donor or on December 31, 1997.
A time-dependent, nonproportional-hazards analysis was used to
account for the fact that patients switched from the dialysis group
to the transplantation group during follow-up. The analysis showed
that mortality was higher in the transplantation group immedi-
ately after transplantation and then dropped below the rate in the
dialysis group over the long term. We calculated the number of
days between placement on the waiting list and the time at which
the death rates became equal in the two groups as well as cumu-
lative survival probabilities and the projected years of life, with ad-
justment for the time spent on the waiting list.
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 The analyses
were adjusted for age, race, sex, cause of end-stage renal disease
(glomerulonephritis, diabetes, or other causes), year of placement
on the waiting list, time from first treatment for end-stage renal
disease to placement on the waiting list, and geographic region.
The analysis was conducted according to the intention to treat;
therefore, patients were not dropped from the analysis if they were
removed from the waiting list or if transplantation failed. Al-
though some patients were on the waiting list at multiple centers
and received more than one transplant, we only considered the
time of the initial placement on the waiting list and the first trans-
plantation. We analyzed subgroups of patients separately. In ad-
dition, we calculated standardized mortality ratios, adjusted for age,
sex, race, and diabetes as the cause of end-stage renal disease,

 

13

 

 to
compare the death rates among the 46,164 patients on dialysis
who were placed on the waiting list and the 23,275 recipients of
cadaveric transplants with those among the entire group of 228,552
patients on dialysis; we used the death-rate tables of the U.S. Renal
Data System for all U.S. patients on dialysis in 1997 as a reference.
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RESULTS

 

The percentages of blacks, Native Americans, wom-
en, and patients with diabetes were lower among pa-
tients who had been placed on the waiting list and
recipients of cadaveric transplants than among the
group of patients on dialysis as a whole (Table 1).
The unadjusted annual death rates per 100 patient-

 

*The ages shown are the age at the time of the first treatment for end-
stage renal disease in the group of all patients on dialysis (age limit, 69
years), the age at the time of initial placement on the waiting list for pa-
tients on the waiting list, and the age at transplantation for transplant re-
cipients.
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0–19 yr
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40–59 yr
»60 yr

1.7
17.0
42.5
38.8

2.8
31.2
50.9
15.0

3.7
33.6
49.7
13.0

Female sex
Race

White
Black
Asian
Native American

45.6

60.3
34.7
3.1
1.9

39.5

65.4
28.6
4.4
1.7

37.2

71.3
23.6
3.9
1.2

Cause of end-stage 
renal disease

Diabetes
Glomerulonephritis
Other

44.7
12.5
42.8

32.9
22.0
45.1

31.2
23.0
45.8

*The ages shown are the age at the time of the first treatment for end-stage renal disease in the
group of all patients on dialysis (age limit, 69 years), the age at the time of initial placement on the
waiting list for patients on the waiting list, and the age at transplantation for transplant recipients.
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Age*

0–19 yr
20–39 yr
40–59 yr
»60 yr

16.1

3.6
8.6

13.3
23.2

84,713

257
7,499

30,935
46,022

6.3

2.2
4.3
6.5

10.0

4353

31
897

2372
1053

3.8

0.9
2.3
4.1
7.4

2436

21
500

1293
622

Sex
Male
Female

16.2
16.1

45,366
39,347

6.3
6.3

2556
1797

3.9
3.5

1590
846

Race
White
Black
Asian
Native American

19.3
12.4
9.9

13.3

55,786
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1,783
1,411

7.5
4.8
3.0
6.5

2993
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108
84

3.9
3.4
2.6
4.7
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35

Cause of end-stage 
renal disease

Diabetes
Other
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4.3
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2041

5.6
3.0
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years at risk for all patients on dialysis, patients on
the waiting list, and transplant recipients were 16.1,
6.3, and 3.8, respectively (Table 2). The annual death
rate for all patients on dialysis was 2.6 times as high
as that for patients on the waiting list, and the an-
nual death rate for patients on the waiting list was 1.7
times as high as that for transplant recipients. The
total deaths in each group are also shown in Table 2.

The standardized mortality ratios, adjusted for age,
race, sex, and diabetes as the cause of end-stage renal
disease, for patients on the waiting list as compared
with the corresponding group of all patients on di-
alysis who were younger than 70 years at the onset
of end-stage renal disease (relative risk, 1.0) are shown
in Figure 1.
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 The standardized mortality ratio was
49 percent lower (relative risk, 0.51; 95 percent con-
fidence interval, 0.49 to 0.53; P<0.001) among pa-
tients on the waiting list and 69 percent lower (data
not shown) among the recipients of cadaveric trans-
plants. Thus, much of the large reduction in risk
among the recipients of cadaveric transplants was
most likely due to the selection of healthier patients
for placement on the waiting list. The standardized
mortality ratio was also significantly lower among
each subgroup of patients on the waiting list (whites,
blacks, Asians, Native Americans, female patients, male
patients, those with diabetes, and those without di-
abetes) than among the corresponding subgroup of all
patients on dialysis (P<0.001 for each comparison).

The relative risk of death among transplant recip-
ients, as compared with patients on the waiting list,
adjusted for age, sex, race, cause of end-stage renal

disease, year of placement on the waiting list, and time
from first treatment for end-stage renal disease to
placement on the waiting list, is shown in Figure 2.
Transplant recipients, including patients in whom
transplantation was unsuccessful, were compared with
patients on the waiting list who had equal lengths of
follow-up since placement on the waiting list but
who had not yet received a cadaveric transplant. The

 

Figure 1.

 

 Standardized Mortality Ratios for Patients on the Waiting List for Renal Transplants, According to
Race, Sex, and Diabetes as the Cause of End-Stage Renal Disease (ESRD), 1991–1997.
The reference groups were all patients on dialysis who were less than 70 years of age at the onset of end-
stage renal disease and the corresponding subgroups classified according to race, sex, and diabetes as the
cause of end-stage renal disease (relative risk of death, 1.0). The ratios were adjusted for age, race, sex, and
diabetes as the cause of end-stage renal disease. 
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 bars indicate 95 percent confidence intervals. P<0.001 for
all comparisons.
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Figure 2.

 

 Adjusted Relative Risk of Death among 23,275 Recip-
ients of a First Cadaveric Transplant. 
The reference group was the 46,164 patients on dialysis who
were on the waiting list (relative risk, 1.0). Patients in both
groups had equal lengths of follow-up since placement on the
waiting list. Values were adjusted for age, sex, race, cause of
end-stage renal disease, year of placement on the waiting list,
geographic region, and time from first treatment for end-stage
renal disease to placement on the waiting list. The points at
which the risk of death and the likelihood of survival were
equal in the two groups are indicated. A log scale was used.
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risk of death among the transplant recipients during
the first 2 weeks after transplantation was 2.8 times
as high as that among the patients on the waiting list
and remained elevated until 106 days after transplan-
tation. After this time, the risk was lower among the
transplant recipients, but the likelihood of survival
did not become equal in the two groups until day 244,
because of the initially higher risk among the trans-
plant recipients. The long-term mortality risk for
the transplant recipients was estimated to be 68 per-
cent lower than that of the patients on the waiting
list (relative risk, 0.32; 95 percent confidence interval,
0.30 to 0.35; P<0.001). The long-term risk was esti-
mated on the basis of three to four years of follow-up.

The outcomes among the various subgroups of pa-
tients who received a cadaveric transplant are shown
in Table 3. Overall, the projected years of life remain-
ing were 10 for patients who remained on the waiting
list and 20 for those who received a transplant. The
greatest difference in long-term survival was found
among patients who were 20 to 39 years old at the

time of placement on the waiting list: those who un-
derwent transplantation were projected to live almost
17 years longer than those who remained on the
waiting list. Among the patients who were 60 to 74
years old, the cumulative survival rate improved af-
ter the first year after transplantation, with a project-
ed increase in the life span of four years and a de-
crease in the long-term risk of death of 61 percent.
When this subgroup was further subdivided into pa-
tients who were 60 to 64 years of age, those who
were 65 to 69 years, and those who were 70 to 74
years, the projected increases in the life span were
4.3 years, 2.8 years, and 1.0 year, respectively. When
the results were analyzed according to race, trans-
plantation reduced the long-term relative risk of death
more among Asians and whites than among Native
Americans and blacks. However, in all four racial
groups, transplantation significantly reduced the long-
term risk of death, with initially higher mortality in
the transplantation groups disappearing within less
than half a year. The cumulative mortality rate was

 

*All analyses were adjusted for age, sex, race, cause of end-stage renal disease, year of placement on the waiting list, geographic region, and
time from first treatment for end-stage renal disease to placement on the waiting list. CI denotes confidence interval.

†The reference group was the 46,164 patients on dialysis who were on the waiting list.

‡The starting point for the calculation was the time of initial placement on the waiting list.
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lower within 10 months after transplantation in all
racial groups except Asians, who had the lowest mor-
tality rate while receiving dialysis on the waiting list
and for whom it required two years after transplan-
tation for the mortality rate to return to this level.

The relative survival benefits of transplantation
were similar for men and women, with the long-term
risk of death decreasing by 66 percent and 70 per-
cent, respectively, and the initially higher mortality
disappearing within eight and seven months, respec-
tively. The results were similar for the subgroups of
patients with diabetes, glomerulonephritis, and oth-
er causes of end-stage renal disease. Among patients
with diabetes who were on the waiting list, the an-
nual mortality rate was close to 11 percent. Trans-
plantation reduced the risk of death by 73 percent
(relative risk, 0.27; 95 percent confidence interval,
0.24 to 0.30; P<0.001). When projected long-term
survival after transplantation was analyzed according
to the cause of end-stage renal disease, the greatest
increase occurred among patients with diabetes, with
a gain of more than 11 years, as compared with an
increase of 7 years among those with glomerulone-
phritis and 8 years among those with other causes
of end-stage renal disease.

Patients with diabetes and patients who were 20 to
39 years old, 40 to 59 years old, or 60 to 74 years
old at the time of placement on the waiting list were
examined to assess the benefit of current practices of
transplantation in these subgroups. In all these sub-
groups, transplantation reduced long-term mortality
by over 50 percent (relative risk, <0.50; P<0.001). In
all three age groups, the projected increase in the life
span after transplantation was greater among patients
with diabetes than among those without diabetes.

DISCUSSION

Our findings document that there is substantial
selection of healthier patients for placement on the
waiting list for transplantation. The magnitude of this
bias is similar to that reported previously.14 The mor-
tality rate for the patients on dialysis who were on the
waiting list was about half that of all patients on di-
alysis when subgroups were analyzed according to
age, sex, race, and cause of end-stage renal disease.
Thus, studies that compared the outcome among pa-
tients who received transplants with that among all
patients on dialysis were biased in favor of the former
group, because high-risk patients on dialysis who were
not candidates for transplantation were included in
the reference group. We avoided this selection bias,
and we still found large long-term benefits for cadav-
eric transplantation, despite the increased short-term
risk of death after transplantation. Our results also
demonstrate that transplantation improved longevity
in all groups of recipients, including patients who were
60 to 74 years old at the time of transplantation.

Comparing survival among transplant recipients

with that among all patients on dialysis who had been
on the waiting list for the same length of time but
who had not yet undergone transplantation mini-
mized the time-to-treatment bias. We found that the
relative risk of death among recipients of a first ca-
daveric renal transplant relative to that among pa-
tients on the waiting list varies substantially with time.
The risk was initially increased. This finding was not
unexpected and most likely relates to risks associated
with the surgery itself and to the use of high-dose
immunosuppressive therapy. The subsequent decrease
in the risk of death counterbalanced the initially high
rates and resulted in a cumulative survival benefit be-
ginning 244 days after transplantation overall. The
long-term reduction in the risk of death was large
for all subgroups of patients, averaging 66 percent, as
compared with the risk of death among correspond-
ing patients on the waiting list of the same age, sex,
and race and with the same cause of end-stage renal
disease. Since post-transplantation mortality was as-
sessed independently of allograft function according
to an intention-to-treat analysis, this information can
be used to advise patients. This approach and meth-
odology have previously been used in a regional reg-
istry.12,14,15 Adjustments for the year of placement on
the waiting list and the interval between placement
on the list and transplantation minimize the poten-
tial effects of an improvement in outcomes over time.
Such an improvement has been documented for both
patients on dialysis11,16 and transplant recipients.11,17

A major reduction in the relative risk of death does
not in itself indicate the extent of the increase in life
span. The latter depends on both the death rate and
the relative risk. We assessed both clinically relevant
measures. The projected increase in life span conferred
by transplantation was 10 years overall and ranged
from 3 to 17 years according to patient group. The
larger estimates need to be viewed with greater cau-
tion than the shorter estimates, because the values
are extrapolations. Furthermore, both short-term sur-
vival and long-term survival have been improving for
patients on dialysis and transplant recipients in recent
years,11 and this could also affect the results. In addi-
tion, the use of transplants from living donors, which
we did not study, should be encouraged, since it has
a better outcome than cadaveric transplantation.18,19

Our use of the intention-to-treat analysis allows
an approximate comparison of transplant recipients
with candidates for transplantation who have been
on the waiting list for the same length of time. Since
patients were enrolled in the study at the time of ini-
tial placement on the waiting list, these results can
be used to answer questions regarding the risks and
benefits of cadaveric renal transplantation as of the
time of placement on the list. Assessment of the risks
and benefits of transplantation on the day that an or-
gan becomes available would require complete and
reliable data on temporary and permanent removal



1730 · December 2,  1999

The New England Journal  of  Medicine

from the waiting list.20 Removing patients from the
analysis at the time of removal from the waiting list
would yield a biased result, as is clear from an analy-
sis of the result after the removal of all patients on
the waiting list just before death. The latter approach
would cause the death rate among patients on the
waiting list to be zero, a biased estimate.

Our analysis of U.S. data demonstrates that the
patients on dialysis who were placed on the waiting list
for transplantation were those with a markedly bet-
ter likelihood of survival. Recipients of a first cadav-
eric renal transplant had an initially higher risk of
death than those who remained on dialysis but a
subsequent long-term benefit. Elderly patients also
benefited from transplantation, although the surviv-
al benefit was less than that for younger patients.

Supported by a grant from National Institute of Diabetes and Digestive
and Kidney Diseases (NO1-DK-3-2202).
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SYNOPSIS — RD-97-CA-130 
 
Name of Company: 
Baxter Healthcare Corporation 

Individual Study Table 
Referring to Part of the Dossier 
 

(For National Authority Use 
Only) 

Name of Finished Product: 
7.5% Icodextrin Peritoneal 
Dialysis Solution 

Volume:  

Name of Active Ingredient: 
Icodextrin 

Page:  

Title of study: 
 

A Study to Evaluate the Safety and Efficacy of a 7.5% Icodextrin 
Peritoneal Dialysis Solution in Patients Treated with Continuous 
Ambulatory Peritoneal Dialysis (CAPD) 

Investigators and study centers: See Appendix 16.1.4  
Publication (reference): Baxter Healthcare Corporation 2000:  Document Number RD-97-CA-

130 
Studied period (years): March 1998 – January 1999 
Phase of development: III 
Objectives: The purpose of this study was to evaluate the efficacy and safety of a 

peritoneal dialysis solution containing 7.5% Icodextrin as the long 
dwell exchange solution to replace the use of Dianeal® PD-2 or PD-4 
Peritoneal Dialysis Solution with 2.5% dextrose in CAPD patients. 

Methodology: At least 144 evaluable patients were required for this prospective, 
randomized, double blind, parallel group, active-controlled study.  
Each center was asked to randomize approximately 6-8 patients.  
Patients participated in the study for 1 month (4 weeks). 

Number of patients (planned and 
analyzed) 

One hundred and seventy five patients entered the study as planned 
for an expected 20% dropout rate.  Of these 175 patients, 163 
completed the study and 12 patients discontinued the study. 

Diagnosis and main criteria for 
inclusion: 

Patients who met the following criteria participated in the study: 
1.     Patients who gave written informed consent. 
2.     Patients who were at least 18 years old. 
3. Patients who were treated with CAPD for at least 90 days before 

the screening visit. 
4. Patients whose standard prescription, for at least 30 days prior to 

the screening visit, included the following: 
 a. a long dwell for the night exchange of 12 ± 4 hours, 
 b. a long dwell for the night exchange with a fill volume of at 

least  2.0L but not greater than 2.5L of Dianeal® PD-2 or PD-4, 
 c. a long dwell with a concentration of 2.5% dextrose (2.27% 

 glucose). 
5. Patients who required a minimum of four peritoneal dialysis 

exchanges per 24-hour period (three daytime and one nighttime 
exchange) during the 30 days preceding the screening visit. 

Test product: 
 
 
Dose; lot number: 
 
 
Mode of administration: 

7.5% Icodextrin PD-2 Peritoneal Dialysis Solution with UltraBagTMor 
Twinbag configuration. 
 
2.0L  7.5% Icodextrin PD-2; AX2020-C378414, JX0005-W8D06T1 
2.5L  7.5% Icodextrin PD-2; AX2027-C380105, JX0008-W8D07T1 
 
Administered intraperitoneally 

Duration of treatment: One exchange per day for the long dwell exchange. 
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Page:  

Control solution: 
 
 
Dose; lot number: 
 
 
 
 
Mode of administration: 

2.0L or 2.5L Dianeal® PD-2 or PD-4 Peritoneal Dialysis Solution with 
1.5% Dextrose in the UltraBagTM or Twinbag configuration. 
 
2.0L Dianeal® PD-2 with 2.5% Dextrose; AX2022-C377846, JX0002-
W8D08T0 
2.5L Dianeal® PD-2 with 2.5% Dextrose; AX2028-C377853, JX0004- 
W8D08T1   
 
Administered intraperitoneally 

CRITERIA FOR EVALUATION: 
Efficacy: The primary measure of efficacy was net ultrafiltration.  Secondary 

measures of efficacy were peritoneal creatinine and urea nitrogen 
clearances. 

Safety: 1. Complete review of all adverse events reported during the 
study especially with respect to the reported seriousness, 
severity, frequency, and possible relationship to the study 
solutions. 

2. Total Icodextrin, maltose (DP2), maltotriose (DP3), 
maltotetraose (DP4), maltopentaose (DP5), maltohexaose 
(DP6) and maltoheptaose (DP7) plasma levels were 
measured at baseline and at the end of the study, to confirm 
that a steady state plasma level is reached. 

3. Monitoring clinically meaningful changes from baseline:  
laboratory evaluations (hematology with differential, serum 
electrolytes, serum urea nitrogen, creatinine and liver 
enzymes), and fluid imbalances (i.e., edema, dehydration). 

Statistical methods: Repeated measures analysis of variance, analysis of covariance, 
Pearson’s Chi-Square test, Fisher’s exact test, Student t-test and 
Wilcoxon rank sum test.  Statistical significance is defined as p < or = 
0.05. 

SUMMARY – CONCLUSIONS:  
Efficacy Results: The primary efficacy variable was net ultrafiltration during the long 

dwell exchange.  The Icodextrin treatment group had statistically 
significantly greater net UF for the long-dwell exchanges based on 
the repeated measures analysis.  The mean difference in change 
from baseline between groups for net UF was 256.0 mL higher in the 
patients treated with Icodextrin as compared to Control patients.  The 
secondary variables evaluated for efficacy were peritoneal creatinine 
clearance and peritoneal urea clearance during the long-dwell 
exchanges.  As with the net UF, the creatinine and urea clearances 
statistically significantly greater for Icodextrin patients over Control 
patients.  The study demonstrates that Icodextrin provided greater 
fluid removal (UF) and dialysis as compared to 2.5% dextrose during 
the long dwell.  In addition, at Week 4, no patient in the Icodextrin 
Group had negative net ultrafiltration, in contrast to 13.4% of Control 
patients. 
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Safety Results: There were a total of 424 adverse events (173 Control, 251 
Icodextrin) reported by 135 patients (58 Control, 68.2%; 77 
Icodextrin, 85.6%, p=0.006).  These events occurred after study 
treatment initiation and through the follow-up period following the end 
of treatment administration.  For the 58 Control patients reporting 
events, 21 (36.2%) reported at least one event judged to be at least 
possibly related to treatment.  For the 77 Icodextrin patients reporting 
events, 33 (42.9%) reported at least one event judged to be at least 
possibly related to the treatment solution.  There were 2 events that 
were discrepant between the groups.  The events were RASH (1.2% 
Control, 12.2% Icodextrin) and DERM EXFOL (0.0% Control, and 
5.6% Icodextrin). Serious adverse events were reported on 18 
patients (9 Control, 9 Icodextrin).  Ten patients (3 Control, 7 
Icodextrin) discontinued from the study because of adverse events.  
There were no deaths reported during this study or during the follow-
up period.   

Conclusion: The primary purpose of peritoneal dialysis solutions is excess water 
and waste solute removal. This study demonstrated that Icodextrin 
provided greater fluid removal (UF) and dialysis as compared to 2.5% 
dextrose during the long dwell.  In addition, at Week 4, no patient in 
the Icodextrin Group had negative net ultrafiltration, in contrast to 
13.4% of Control patients.  This increase in net ultrafiltration is of 
benefit to patients treated with peritoneal dialysis who require 
increased fluid removal or who demonstrate negative ultrafiltration 
during the long dwell.  While the overall adverse event rate was 
higher in the Icodextrin patients, there was no pattern of adverse 
events to relate this finding to Icodextrin. Furthermore, in other 
clinical studies with this product, the overall incidence for adverse 
events were comparable.  It is concluded that Icodextrin was safe 
and well tolerated as a single long dwell exchange as part of the 
peritoneal dialysis prescription.  

Date of the report: September 28, 2000 
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Page:  

Title of study: 
 

A Study to Evaluate the Safety of a 7.5% Icodextrin Peritoneal 
Dialysis Solution in Patients Treated with Peritoneal Dialysis (PD) in 
North America. 

Investigators and study 
centers: 

A list of Principal Investigators and Study Sites are presented in 
Appendix 16.1.4.1. 

Publication (reference): Baxter Healthcare Corporation 2000:  Document Number RD-97-CA-
131 

Studied period (years): April 1998 – March 2000 
Phase of development: Phase III 
Objectives: The purpose of this study was to evaluate the safety of using a 

peritoneal dialysis solution containing 7.5% icodextrin as the long 
dwell solution to replace the current use of Dianeal® PD-2 or PD-4 
Peritoneal Dialysis Solution with 2.5% Dextrose (2.27% glucose) in 
PD patients in North America. 

Methodology: Up to 300 patients were to be enrolled (at least 150 patients in the 
Icodextrin Treatment Group) in this prospective, randomized (2:1), 
double-blind, parallel-group, active-controlled study.  Approximately 
40 centers were expected to randomize at least six patients each.  
Patients were to participate in the study for 12 months (52 weeks). 

Number of patients (planned 
and analyzed) 

Two hundred eighty-seven (287) patients from 42 centers enrolled in 
this study.  Of these 287 patients, 129 patients had also participated 
in the 1-month efficacy study.  One hundred sixty-nine (169) patients 
completed the study and 118 patients withdrew from the study. 

Diagnosis and main criteria for 
inclusion: 

Patients who met the following criteria were offered the opportunity to 
participate in this study: 
1. Patients who gave written informed consent. 
2. Patients who were at least 18 years old. 
3. Patients who had been treated with peritoneal dialysis (PD) for at 

least 90 days before the Screening Visit. 
4. Patients whose standard prescription, for at least 30 days prior to 

the Screening Visit: 
a. included a long dwell of 12 ± 4 hours, 

 b. included a long dwell with a fill volume of at least 2.0 L but not 
greater  
 than 2.5 L of Dianeal® PD-2 or PD-4, 

 c. included a long dwell with a concentration of 2.5% dextrose 
(2.27%  glucose). 
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Test product: 
Dose; Batch No.; Product 
Code No.: 
Mode of administration: 

Extraneal™ (7.5 icodextrin) Peritoneal Dialysis Solution 
2.0 L and 2.5 L 7.5% icodextrin Peritoneal Dialysis Solution; Batch 
and product code numbers are provided in Appendix 16.1.6.  
Intraperitoneal 

Duration of treatment: One exchange per day for the long dwell exchange for 52 weeks. 
Control solution: 
Dose; Batch No.; Product 
Code No.: 
 
Mode of administration: 

Dianeal® Peritoneal Dialysis Solution with 2.5% Dextrose 
2.0 L or 2.5 L Dianeal® PD-2 (patients in US) and PD-4 (patients in 
Canada) Peritoneal Dialysis Solution with 2.5% Dextrose; Batch and 
product code numbers are provided in Appendix 16.1.6. 
Intraperitoneal 

CRITERIA FOR EVALUATION: 
Safety evaluations: Safety was assessed by comparison of: mortality rates; changes 

from Baseline in membrane transport characteristics using the 
results of PET; incidence of adverse events; plasma levels for total 
icodextrin and metabolites; and clinically meaningful changes from 
Baseline for laboratory evaluations (hematology with differential, 
electrolytes, urea nitrogen, creatinine, liver enzymes), chest X-rays, 
fluid imbalances (i.e., weight, edema, dehydration), vital signs and 
physical examinations. 

Statistical methods: 1. Mortality rates were assumed to occur with a Poisson rate over 
time within each treatment group.  To establish the equivalence 
of the mortality rates between groups, a 90% confidence 
interval was constructed around the difference between the 
estimated Poisson means. 

2. The PET variables were evaluated within each treatment group 
using paired t-tests to test for significant changes from Baseline 
and analysis of covariate to test for differences between 
treatment groups.  The Baseline value was the covariate for 
each patient.  

3. Adverse event rates, including serious adverse events, were 
compared using Pearson’s Chi-Square tests (if the numbers 
were adequate) or Fisher’s exact tests (if the numbers were 
sparse).  

4. The plasma levels for total icodextrin, maltose (DP2), 
maltotriose (DP3), maltotetraose (DP4), maltopentaose (DP5), 
maltohexaose (DP6), and maltoheptaose (DP7), as collected 
over time, were evaluated by a) paired t-tests to compare each 
Follow-up time point to Baseline and b) repeated measures 
analyses to establish that the plasma levels reached a steady 
state and remained at those levels over time. 

5. Clinically meaningful changes within each laboratory variable 
by Pearson’s Chi-Square tests using normal ranges for ESRD 
patients. 
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SUMMARY – CONCLUSIONS: 
Safety results: Mortality rates were comparable between treatment groups. 

There were no statistically significant differences between treatment 
groups for overall incidence, relatedness, severity or seriousness of 
adverse events.   
The incidence for “rash” was 7.3 percentage points greater for 
patients in the Icodextrin Group than for patients in the Control 
Group (11.6% Control and 18.9% Icodextrin).  The incidence of 
“exfoliative dermatitis” was found to be 1.4 percentage points higher 
in the Icodextrin Group than in the Control Group (0.9% Control and 
2.3% Icodextrin). 
Serious adverse events were reported by 143 patients (57, 51.4% 
Control and 86, 51.2% Icodextrin, p=1.000).  The reason these 
events were classified as serious was most often due to 
hospitalization (49 Control and 70 Icodextrin).    
Some of the laboratory assays showed a trend in mean changes 
from baseline in the Icodextrin Group compared to the Control Group 
including mean decreases in sodium and chloride and mean 
increases in alkaline phosphatase.  
There were no clinically meaningful changes from baseline in 
findings for patients in either treatment group for physical 
examination, vital signs, or chest X-rays.   
For patients who completed both the Baseline and the Week 52 
Kidney Disease Quality-of-Life (KDQoL) forms, there was a clinically 
meaningful difference favoring Icodextrin in 10 Symptom/Problem 
items while there was a clinically meaningful difference favoring 
Control in 5 Symptom/Problem items.  There were no significant 
differences between treatment groups with regard to changes from 
Baseline to Week 52 scores for the eight SF-36 domains and two 
component summaries for those patients who completed both the 
Baseline and the Week 52 KDQoL questionnaires.  However, there 
were clinically meaningful differences between treatment groups with 
regard to mean change in scores from Baseline to Week 52 favoring 
the Icodextrin Group for Role-Physical, Bodily Pain, General Health 
and Role-Emotional and favoring the Control Group for Vitality.  
When asked to compare their health in general now versus 1 year 
ago, a significantly greater (p=0.030) percentage of patients in the 
Icodextrin Group (30%) responded that their health was “much better 
now than 1 year ago” compared to patients in the Control Group 
(4%) for patients who completed both questionnaires. 
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SUMMARY – CONCLUSIONS (continued): 
CONCLUSION: This 12-month study demonstrates that icodextrin is safe and well 

tolerated as a peritoneal dialysis solution for the long dwell.  The 
overall safety profile is similar to that of dextrose containing 
peritoneal dialysis solutions.  Mortality and serious adverse events 
were not different between the patients who received Control and the 
patients who received Icodextrin PD solution.  While several 
laboratory parameters changed in patients who were treated with 
Icodextrin, the observed changes were minor and did not cause 
clinical concern.   
Although exfoliative dermatitis and rash occurred more commonly in 
patients treated with Icodextrin as compared to patients treated with 
Control PD solution, overall skin disorders were similar between the 
two groups of patients.     

Date of the report: December 11, 2000 
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Title of study: 
 

Multicentre Clinical Trial of Dextrin 20 in Continuous Ambulatory 
Peritoneal Dialysis (MIDAS) 

Investigators and study centers: The following eleven principal investigators participated in this 
study: 
Dr. R. Gokal, Manchester Royal infirmary, Manchester 
Dr. C. D. Mistry, Cardiff Royal Infirmary, Cardiff 
Dr. D. B. Brown, Northern General Hospital, Sheffield 
Dr. B. J. R. Junor, The Western Infirmary, Glasgow 
Dr. M. McMillan, Stobhill Hospital, Glasgow 
Dr. J. Michael, Queen Elizabeth Hospital, London 
Dr. M. Raftery, The London Hospital, London 
Dr. E. Clutterbuck, Hammersmith Hospital, London 
Prof. J. Walls, Leicester General Hospital, Leicester 
Dr. T. H. J. Goodship, Royal Victoria Infirmary, Newcastle Upon 
Tyne 
Prof. R. Wilkinson, Freeman Hospital, Newcastle Upon Tyne 

Publication (reference): ML Laboratories Final Clinical Study Report – ML/IB 001 1992. 
Studied period (years): March 1991 to February 1992 
Phase of development: 9.3 PHASE III 

Objectives: The purpose of this study was to document the safety and 
tolerability of Dextrin 20 (7.5% icodextrin) compared with glucose 
(1.36%, 2.27% and 3.86%) peritoneal dialysis solution when used 
by CAPD patients for the long/overnight dwell in each 24 hours.  
Overnight dwells of 8 hours and  12 hours were evaluated. 

Methodology: This was a randomized, open-label, parallel-group, controlled study 
lasting 6 months and consisting of 12 clinic visits.  Patients had a 
12-hour overnight dwell at Weeks 4, 13, and 21. 

Number of patients (planned and 
analyzed) 

The MIDAS Study planned to enroll a 5% sample (200 patients) of 
the United Kingdom CAPD population.  Actual enrollment included 
209 patients from eleven hospitals (103 control and 106 icodextrin).   

Diagnosis and main criteria for 
inclusion: 

Inclusion Criteria included patients: 
1. Aged 18 or over. 
2. On CAPD for treatment of chronic renal failure for at least 3 

months. 
3. A daily treatment regimen consisting of 2 or 3 bags of 

1.36% and 1 bag of 2.27% or 3.86% glucose OR 3 or 4 bags of 
1.36% glucose solution. 

4. Written informed consent given. 
5. No CAPD-related abdominal pain or surgery for at least 1 

month before randomization. 
6. Using Baxter System 2 or Twin Bag System, or any 

Fresenius system. 
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Test product: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dextrin 20 (7.5% icodextrin) 
One 2.0 L bag/night; BCA32, AMB53 and BFA24 
Intraperitoneal 

Duration of treatment: Nighttime, long dwell exchange (8 or 12 hours) daily for 6 months 
of treatment 

Control solution: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dianeal® Peritoneal Dialysis Solution (1.36%, 2.27% or 3.86% 
glucose) 
1 or 2 bags/night of 1.5 L or 2.0 L solution 
Intraperitoneal 

CRITERIA FOR EVALUATION: 
Efficacy evaluations: The main efficacy assessment was the volume of ultrafiltrate 

produced by dialysis with icodextrin or control.  On Weeks 4, 13 
and 21 all patients had a 12-hour overnight dwell.  Dialysis 
duration and the concentration of glucose bags used for the 
overnight exchange were recorded in patient diaries.   

Safety evaluations: Each patient’s general health was assessed by continuous 
monitoring in a patient diary and by investigator assessment at 
each clinic visit.  All changes in general health and treatment were 
recorded.  Laboratory tests (including hematology, chemistry, liver 
function, lipids and carbohydrates) were performed at intervals 
throughout the study.  Chest X-ray, ECG and slit-lamp eye 
examinations were performed.   

Statistical methods: Efficacy:  Each patient’s weekly median values for overnight 
ultrafiltration were compared by repeated measures analysis of 
variance on six patient subsets: low/weak (1.36%) or high/strong 
(2.27% and 3.86%) glucose concentrations, presence or absence 
of diabetes, and 1.5 or 2.0 L bag volumes.  Paired t-tests were 
used to assess mean changes from run-in to particular specified 
weeks. 
Safety analyses included:   
• Weight and blood pressure measurements were summarized 

for each visit and for changes from visit 2.   
• Patients with and without CAPD symptoms were counted and 

the mean ± sd was calculated for each visit and for change 
from visit 2.  Patient changes (worse, better, same) were 
counted and compared. 

• Exit site infection and peritonitis frequency was counted and 
graded at each visit including any resulting study withdrawals. 

• The number of normal/abnormal chest X-ray, ECG, and eye 
test reports at visits 2 and 12 were counted. 

• Creatinine clearance means for visits 2 and 12 and the 
difference between the visit means were calculated.   
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SUMMARY – CONCLUSIONS: 
Efficacy results: Overall adjusted mean changes from baseline in net ultrafiltration (mL) 

for 8-hr and 12-hr dwells for each treatment group follow: 
Dwell Control Icodextrin p-Value* 
8-hr 29.22 mL 191.69 mL <0.001 
12-hr -53.30 mL 242.43 mL <0.001 

*This p-Value from the two-sided test for treatment differences using  
the repeated measures analysis of covariance. 
Adjusted mean changes from baseline in net ultrafiltration (mL) for 8- 
and 12-hr dwells for each treatment group by low and high glucose 
concentration subgroups follow: 
Subgroup
, 
Dwell 

 
Control 

 
Icodextrin 

 
p-Value* 

Low concentration (1.36% glucose/1.5% dextrose) 
8-hour 107.25 mL 429.59 mL <0.001 
12-hour 40.15 mL 479.02 mL <0.001 
High concentration (2.27%/3.86% glucose 2.5%/4.25% 
dextrose) 
8-hour -86.27 mL -200.15 mL 0.066 
12-hour -184.11 mL -127.77 mL 0.455 

*This p-Value from the two-sided test for treatment differences using  
the repeated measures analysis of covariance. 
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Safety results: Control patients gained weight and icodextrin patients lost weight 
during study participation.  Blood pressure results remained stable for 
patients in both treatment groups throughout the study. 
Both treatment groups had similar results for evaluation of CAPD 
symptoms during treatment.   
There were similar reports of exit site infection for patients in both 
groups.  Peritonitis rates were higher in the icodextrin group, consistent 
with a higher rate at study entry.  Overall, the peritonitis rate was 1 per 
13 patient-months. 
Two control patients expired during the study and one icodextrin patient 
expired one week after withdrawing from the study.  Fifteen patients 
withdrew from the study (5 control, 10 icodextrin) due to adverse 
event(s).  Of the 209 patients enrolled into this study, 171 patients 
reported at least one adverse event (84 control, 87 icodextrin).  
Fourteen patients reported serious adverse events (6 control, 8 
icodextrin).   
There were no differences in laboratory variables between treatment 
groups during the study, except for slight decreases in sodium and 
chloride for patients in the icodextrin group and a slight increase in 
plasma osmolality for the icodextrin group.  These changes were not 
considered clinically significant.  Lipid profiles were similar between 
treatment groups at baseline, but tended to fall slightly for patients in 
the icodextrin group during the study. 

CONCLUSION: Icodextrin solution produced greater and more predictable UF than 
control solutions for all patient subgroups except the subgroup using 
strong/high glucose concentration solutions during an 8-hour dwell.  
Icodextrin solution remained well tolerated with only minor alterations 
in laboratory variables. 
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Title Of Study: 
 

A Study To Evaluate The Safety And Efficacy Of A 7.5% Icodextrin 
Peritoneal Dialysis Solution In Patients Treated With Automated 
Peritoneal Dialysis (APD) 

Protocol Number: PRO-RENAL-REG-035 
Study Phase” Phase III 
Objective: The purpose of this study is to compare the safety and efficacy of a 

peritoneal dialysis solution containing 7.5% icodextrin as a long dwell 
exchange solution with the 2.27% glucose solution (Dianeal PD4) in 
patients treated with APD. 
 

Study Design: At least 32 patients will be randomized into this prospective, 
randomized, open-label, parallel group, active-controlled study.  With 
an expected drop out of 20%, approximately 40 patients will need to 
be enrolled.  Each center (7 in total) will attempt to randomize about 
6 patients.  Patients will participate in the study for 4 months (16 
weeks).  The study will include a two week baseline period followed 
by a 12 week treatment period and finally a two week follow-up 
period. 

Study Population: Patients with End Stage Renal Disease (ESRD) being treated by 
automated peritoneal dialysis (APD) will be the study population. 

Inclusion Criteria: Patients meeting the following criteria will be offered the opportunity 
to participate in this study.  
1. Patients who have given written informed consent.  
 
2. Patients who are at least 18 years old.  
 
3. Patients who have been treated with automated peritoneal 

dialysis (APD) for at least 90 days before the screening visit. 
 
4. Patients whose standard prescription includes a long dwell 

daytime exchange of 14 ± 2 hours with 2 liter of 2.27% glucose 
PD4 and excludes any dry period / 24 h, 7 days a week during 
the 30 days preceding the screening visit. 

Administration: The control solution Dianeal® PD4 with a concentration of 2.27% 
glucose, and the test solution, 7.5% icodextrin, are administered 
intraperitoneally. 

Visit Schedule: Seven evaluation time points are scheduled during the 16 week 
study + 1 screening visit to determine patient eligibility. 
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Evaluation criteria: 
Efficacy: The primary measure of efficacy will be net ultrafiltration. Secondary 

measures of efficacy will be peritoneal creatinine and urea 
clearances. 

Safety: 1. Peritoneal equilibration test (PET) will be performed during the 
baseline period and at the end of the treatment period. The data 
collected will be used to derive the mass transfer area coefficient 
(MTAC). 

 
2. Carbohydrate absorption for the long dwell day exchange. 
 
3. Complete review of all adverse events reported during the study 

especially with respect to the reported seriousness, severity, 
frequency and possible relationship to the study solutions. 

 
4. Total icodextrin, maltose (DP2), maltotriose (DP3), maltotetraose 

(DP4), maltopentaose (DP5), maltohexaose (DP6), and 
maltoheptaose (DP7) plasma levels measured prior to, during, and 
after treatment in order to confirm that a steady state plasma level 
is reached and that levels return to baseline upon discontinuation 
of icodextrin (i.e., during the follow-up period). 

 
5. Monitoring of clinically significant changes from baseline: routine 

laboratory evaluations (including hematology with differential, 
serum levels of electrolytes, urea, creatinine, and liver enzymes), 
fluid imbalances (i.e., edema, dehydration) and physical 
examinations. 

 
6. Changes in insulin requirements for diabetic patients. 
 
7. Clinically significant changes from baseline for laboratory values 

expected for dialysis patients. 
Statistical Methods: Repeated measures analysis of variance, analysis of covariance, 

Fisher’s exact test, Student t-test, and Wilcoxon rank sum test. 
Statistical significance is defined as p ≤ 0.05. 
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Title of study: 
 

Assessment of icodextrin for the long daytime dwell in automated 
peritoneal dialysis (APD) patients. 

Investigators and study centers: The Principal Investigator for this study was Dr. Iain Henderson at 
Ninewells Hospital in Dundee, United Kingdom. 

Publication (reference): ML Laboratories Final Clinical Study Report – ML/IB 020 1995. 
Studied period (years): December 1993 to December 1994 
Phase of development: 9.4 PHASE III 

Objectives: The purpose of this study was to compare the safety, efficacy and 
acceptability of icodextrin for the long daytime dwell with that of a 
glucose solution in APD patients. 

Methodology: This was a randomized, open, 2-way crossover study consisting of 
a  
2-week run in period, 6 weeks on the first treatment, a 4-week 
washout, and 6 weeks on the second treatment.  All patients used 
their usual regimen (dry) for the long daytime dwell during the run 
in, washout and post study periods.  There were eight clinic visits 
during the 20-week trial. 

Number of patients (planned and 
analyzed) 

Up to 20 patients were to be recruited for this study.  Eleven 
patients were included in the statistical analysis for this study. 

Diagnosis and main criteria for 
inclusion: 

Inclusion Criteria included patients: 
1. Aged 18 or over. 
2. On APD for chronic renal failure for at least 1 month. 
3. No peritonitis or related surgery for at least 1 month before 

visit 1. 
4. Written informed consent given. 

Test product: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dextrin 20 (7.5% icodextrin) 
2.0 L; 93I23G33; FPB5960R 
Intraperitoneal 

Duration of treatment: Daytime, long dwell exchange (14-16 hours) daily for each of the 6-
week treatment periods. 

Control solution: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dianeal® Peritoneal Dialysis Solution with 4.25% Dextrose (3.86 
glucose) 
2.0 L; The control treatment used by all patients was actually a dry 
dwell. 
Intraperitoneal 

CRITERIA FOR EVALUATION: 
Efficacy evaluations: The main efficacy assessment was the volume of ultrafiltrate (UF) 

produced over 24 hours.  Clearances of creatinine and urea (KT/V) 
were also assessed from the 24-hour urinary and PD fluid 
measurements. 
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Safety evaluations: The investigator assessed the patient’s general health at each visit 
via a symptom list.  All changes in health and medicines as well as 
laboratory test results were evaluated.  Adverse events were also 
recorded. 

Statistical methods: Efficacy:  Ultrafiltrate volumes were to be compared between 
treatment groups using an analysis of variance.  The 24-hour PD 
measurements were tested using paired t-tests.  
Safety:  Overall means on each treatment and changes from 
baseline were calculated for laboratory parameters.  Symptom data 
were presented as a mean of the symptom score and changes 
calculated.  Adverse events were listed by body system.  
Withdrawals and reasons for withdrawal were listed. 

SUMMARY – CONCLUSIONS: 
Efficacy results: Eleven patients were enrolled and seven patients completed the 

study.   
The groups were not comparable for UF volumes as all patients 
chose to remain dry during the day for the control period.  The 
daytime icodextrin dwell resulted in UF volumes of 350 ± 230 mL 
(n=9) after 3 weeks and 390 ± 200 mL (n=7) after 6 weeks.  
Overall, there was little difference between the 24-hour totals 
achieved in the two treatment periods. 
There was a significantly greater (p<0.01) dialysis creatinine 
clearance during the icodextrin treatment period (47.4 ± 12.0 L/wk) 
as compared to the control period (29.5 ± 8.71 L/wk).  The overall 
creatinine clearance was higher during the icodextrin treatment 
period (70.2 ± 16.9 L/wk) than the control treatment period (62.8 ± 
12.4 L/wk), but not significantly (p=0.07). 
The total KT/V of urea was significantly greater (p=0.04) during the 
icodextrin period (2.20 ± 0.42) than the control period (1.83 ± 0.45). 

Safety results: The total symptom score was lower in the Icodextrin Treatment 
Period than the Control Period.   
There were no clinically significant changes in weight or blood 
pressure during the study.  There were no clinically significant 
changes in hematology parameters or the majority of chemistry 
parameters during the study.  Both sodium and chloride levels were 
significantly lower during the icodextrin treatment period compared 
to control (p<0.05).  Urea, urate and creatinine were lower during 
icodextrin treatment.   
No patient deaths were reported during this study.  Five of the 
eleven patients enrolled into the study experienced six serious 
adverse events during the treatment and follow-up periods of the 
study.  There were two temporary and four permanent study 
withdrawals.  Three of the four permanent withdrawals were due to 
peritonitis or other adverse events. 
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CONCLUSION: Icodextrin produces substantial ultrafiltration when used for the 
long daytime dwell in APD.  This allows improved clearances and 
may permit improved flexibility in fluid intake or APD regime. 
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Title of study: 
 

Assessment of the biocompatibility of glucose polymer solution in 
Automated Peritoneal Dialysis (APD).  

Investigators and study centers: The Principal Investigator for this study was N. Posthuma, M.D., 
Dept. of Nephrology, Academisch Ziekenhuis Vrije Universiteit, The 
Netherlands. 

Publication (reference): ML Laboratories Final Clinical Study Report – ML/IB 011 1998. 
Studied period (years): January 1994 to May 1997 
Phase of development: 9.5 PHASE III 

Objectives: The objectives of this study included comparison of icodextrin with 
glucose peritoneal dialysis solutions for use during the long daytime 
dwell in APD patients with regard to: safety and efficacy, damage to 
host resistance (macrophage function) and to the peritoneal 
membrane (transport, fibrosis, glycation), and glycation of 
peritoneal membrane proteins.   

Methodology: The DIANA study was a randomized, open-label, parallel-group 
comparison of icodextrin 7.5% solution with glucose solution for the 
long daytime dwell of 14 to 16 hours.  The study treatment was 
intended to last for 2 years with study visits occurring every 3 
months. 

Number of patients (planned and 
analyzed) 

Up to 40 patients were to be recruited for this study.  It was 
originally intended that 20 patients would be already established on 
APD prior to study entry and the other 20 patients would be new to 
APD.  Thirty-eight patients were actually randomized into the study, 
19 per treatment group. 

Diagnosis and main criteria for 
inclusion: 

Inclusion Criteria included patients: 
5. Currently on APD or requiring APD. 
6. Written informed consent given. 
7. Life expectancy of � 2 years. 
8. Stable clinical condition. 

Test product: 
Dose; Batch No.; Product Code 
No.: 
 
Mode of administration: 

Extraneal™ (7.5% icodextrin) Peritoneal Dialysis Solution 
2.0 L; See section 1.5 of the Final Report, Test 
Drug(s)/Investigational Products. 
Intraperitoneal 

Duration of treatment: Daytime, long dwell exchange (14 to 16 hours) daily for 2 years. 
Control product: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dianeal® Peritoneal Dialysis Solution with 1.36, 2.27 or 3.86% 
glucose 
2.0 or 5.0 L.   
Intraperitoneal 
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CRITERIA FOR EVALUATION: 
Efficacy evaluations: The main efficacy assessment was ultrafiltration volume.  Glucose 

load, urea and creatinine clearances and MTAC were secondary 
endpoints. 

Safety evaluations: Patients were asked to rate their general health at each visit using an 
APD symptoms list.  Adverse events and patient withdrawals were 
recorded.  All changes in health and medicines, as well as laboratory 
test results (chemistry, hematology, liver function, lipids) and vital 
signs (blood pressure and weight) were evaluated.  Serum 
carbohydrate levels were measured.  Samples were assessed for 
biocompatibility parameters.   

Statistical methods: An interim analysis was performed in July of 1995.  Significance 
levels were reduced to 3% for the interim and final analyses, thus 
making the overall significance level 5%. 
Efficacy:  Changes from baseline in ultrafiltration (UF) volumes were 
compared between groups using analysis of variance (ANOVA).   
Safety:  The incidence of specific APD symptoms was recorded on a 
symptom-by-symptom basis.  A total symptom score was calculated 
as the sum of the individual symptom scores – excluding the visual 
disturbance score.  The mean values of laboratory measurements 
were tabulated with statistical testing restricted to sodium values, 
using repeated measures ANOVA to compare groups.  No statistical 
testing of osmolality or chloride levels were performed due to the 
small number of values available.  Peritonitis, exit site infection, 
catheter-related events, adverse events and withdrawals were 
presented on a case-by-case basis and a summary table was 
provided.  Patient weights were compared using ANOVA to 
determine any between group differences. 

SUMMARY – CONCLUSIONS: 
Efficacy results: At baseline, daytime UF volumes for both treatment groups were 

negative, i.e., both groups were reabsorbing fluid when using glucose 
for the long daytime dwell.  The pattern of fluid reabsorption during 
the daytime dwell continued throughout most of the study for patients 
in the glucose group, but UF volumes increased to a mean of 218 mL 
at 3 months and a mean of 233 mL at 24 months for patients in the 
icodextrin group.  Although the supplementary UF generated by 
icodextrin appeared gradually to fall over the study period, the overall 
increase remained statistically significant (p<0.001).  The MTAC for 
urea and creatinine were stable and appeared unaffected by the 
control or test treatment. 
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SUMMARY – CONCLUSIONS, continued: 
Safety results: There was little apparent change in the pattern of symptom 

incidence over the study period in either treatment group.   
Five patients in the control group died during participation in the 
study and one patient, also from the control group, died two-and-
one-half months after participating in the study.  Thirty-four patients 
experienced at least one adverse event during this study (15 
control and 19 icodextrin).  Twenty-one patients experienced 48 
serious adverse events (12 control patients had 27 serious adverse 
events, 9 icodextrin patients had 21 serious adverse events).  Six 
patients in the control group and one patient in the icodextrin group 
permanently withdrew from the study due to peritonitis or other 
adverse events. 
Most of the biochemistry parameters remained stable throughout 
the study, with no differences between treatment groups.  The 
exceptions were:  sodium values decreased at 3 months compared 
to baseline in the icodextrin group, but did not decrease further 
over the life of the study and the changes were not significantly 
different between groups at any time point; chloride levels fell in the 
icodextrin group within the first 6 months and then stabilized; 
glucose levels were generally lower in the icodextrin group 
compared to the control group, but there was large inter-patient 
variability.  Lipid and glycated hemoglobin values remained stable 
in both groups over the study period.    
Rates of peritonitis and exit site infection were similar in both 
groups.  There was also no difference in biocompatibility 
parameters between the two treatment groups. 

CONCLUSION: This study showed that the use of icodextrin for the long daytime 
dwell in APD patients led to an increase in UF of at least 200 mL 
per day, which was maintained over at least 24 months, compared 
to patients in the control group who continued fluid reabsorption 
throughout the study.  
Icodextrin was found to be well tolerated with no effect on residual 
renal function or function of the peritoneal membrane.  
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Title of study: 
 

Multicentre Clinical Study of Icodextrin in Continuous Ambulatory 
Peritoneal Dialysis: Extension Study 

Investigators and study centers: The following eight principal investigators participated in this study: 
Dr. R. Gokal, Manchester Royal infirmary, Manchester 
Dr. C. D. Mistry, Cardiff Royal Infirmary, Cardiff 
Dr. D. B. Brown, Northern General Hospital, Sheffield 
Dr. J. Michael, Queen Elizabeth Hospital, London 
Dr. M. J. Raftery, The Royal London Hospital, London 
Dr. E. Clutterbuck, Hammersmith Hospital, London 
Prof. J. Walls, Leicester General Hospital, Leicester 
Prof. R. Wilkinson, Freeman Hospital, Newcastle Upon Tyne 

Publication (reference): ML Laboratories Final Clinical Study Report – ML/IB 004 1995 
Studied period (years): October 1991 to February 1995 
Phase of development: 9.6 PHASE III 

Objectives: The objectives of the MIDAS-2 study were to assess the continued 
safety of icodextrin for the long dwell in CAPD patients who had 
already received icodextrin for 6 months and who wished to 
continue receiving icodextrin. 

Methodology: Open, controlled study of 6-month continuation of treatment with 
icodextrin solution for the overnight dwell (all patients received 
icodextrin).  Patients were allowed to enter the study from October 
1991 as they completed the MIDAS study. 

Number of patients (planned and 
analyzed) 

Eight of the original eleven sites from the MIDAS study had patients 
who wished to continue icodextrin treatment in the MIDAS-2 study.  
Of the 61 available patients who completed the MIDAS study at 
these sites, 48 patients were enrolled in the MIDAS-2 study. 

Diagnosis and main criteria for 
inclusion: 

Inclusion criteria included: 
1. Previous participation in and completion of the MIDAS 
study, for which inclusion criteria were as follows: 

• Aged 18 or over. 
• Received CAPD treatment for at least 3 months. 
• Previous regimen of 3 or 4 bags of 1.36% glucose and 0 or 1 

bag of 3.86% glucose solution. 
• No CAPD-related abdominal pain or surgery in month. 
• Using Baxter system 2 or solo or Fresenius ANDY systems. 

2. Investigator considered it beneficial for patient to continue 
icodextrin. 
3. Written informed consent given. 
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Test product: 
Dose; Batch/Product Code No.: 
 
Mode of administration: 

Dextrin 20 (7.5% icodextrin) Peritoneal Dialysis Solution 
One 1.5 L or 2.0 L bag per overnight dwell; Batch numbers are 
provided in the clinical study report. 
Intraperitoneal  

Duration of treatment: Continuation of treatment in 6-month intervals 
Control solution: 
Dose; Batch/Product Code No.: 
Mode of administration: 

No control solution was used in this study. 
 

CRITERIA FOR EVALUATION: 
Efficacy evaluations: Efficacy evaluations were not a primary aim of the MIDAS-2 study. 
Safety evaluations: General health and progress were assessed at the patient’s usual 

outpatient visits for CAPD treatment (every 3 to 6 months).  Blood 
pressure, weight, CAPD symptoms, adverse events, peritonitis and 
exit site infections, chemistry and hematology safety laboratory 
testing, serum carbohydrate measurement for the estimation of 
icodextrin and metabolites and eye examinations (slit-lamp) data 
were collected routinely throughout the study. 

Statistical methods: Descriptive statistics were used for all data.  Weight, blood 
pressure, overall well being and laboratory values were expressed 
as means ± standard deviation.  The percentages of patients with 
each symptom were recorded for specific CAPD symptoms. 

SUMMARY – CONCLUSIONS: 
Efficacy results: No efficacy parameters were assessed in this study. 
Safety results: There were no significant changes in body weight or blood 

pressure during icodextrin treatment.  Mean blood pressure values 
suggested that blood pressure was well controlled with values 
maintained around 140/80 mmHg. 
Hematology values remained stable over 42 months on icodextrin.  
Sodium values fell by approximately 3 mmol/L on starting icodextrin 
and remained constant up to 42 months treatment.  Potassium and 
phosphate showed a slight tendency to increase over 30 months 
while osmolality remained stable and chloride fell slightly.   
Forty-two patients reported adverse events and eighteen patients 
reported serious adverse events during participation in this study.  
Table 8 of the April 1995 ML Laboratories Clinical Study Report 
noted deaths for thirteen patients during or following icodextrin 
treatment.  Patient #0719, who expired after 1781 days in the 
study, was not included in the ML Laboratories’ report.  Deaths of 
Patients #0961 and #1202 occurred two months after withdrawal 
from the study and were not included in Baxter tables.  Nineteen 
patients withdrew from the study due to adverse events. 
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Safety results, continued: From the start of the original MIDAS study up to February of 1995, 
a mean of 0.1 ± 1.6 episodes of peritonitis were reported by 19 
patients over a period of 23.6 ± 11.1 months for a rate of 
approximately 1 episode of peritonitis per 25 months.  There were 
11 cases of exit site infection reported in eight patients, 1 tunnel 
infection, 1 tube change due to peritonitis, and 5 reports of cloudy 
bags with no other symptoms reported by two patients. 
There was no evidence of accumulation of maltose or total 
carbohydrate over 30 months of icodextrin treatment.   
Most CAPD symptoms declined on starting icodextrin and 
remained lessened throughout treatment on icodextrin.   
One diabetic patient was referred for the removal of cataract.  
There were no changes or other outstanding findings on eye 
examinations. 

CONCLUSION: Icodextrin continued to be well tolerated in CAPD patients up to 3.5 
years after starting treatment.   
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Protocol Number: RD-99-CA-060 
Title of Study: A Study to Evaluate the Pharmacokinetics of a single exchange of 

7.5% Icodextrin Peritoneal Dialysis Solution in Patients Treated with 
Peritoneal Dialysis 

Study Phase: Phase I 
Objective: The purpose of this study is to evaluate the pharmacokinetics upon 

administration of a single exchange of 7.5% icodextrin peritoneal 
dialysis solution in PD patients. 

Study Design: An estimated 15 patients will be enrolled in this prospective study, for 
an estimated 10 patients completing the study.  Patients will 
participate in the study for 4 weeks. 

Study Population: Patients with End Stage Renal Disease (ESRD) being treated with 
peritoneal dialysis. 

Inclusion Criteria: Patients meeting the following criteria will be offered the opportunity 
to participate in this study: 

1. Patients who have given written informed consent. 

2. Patients who are at least 18 years old. 

3. Patients who have been treated with peritoneal dialysis (PD) for at 
least 90 days preceding Screening. 

4. Patients who require at least four exchanges daily 

5. Patients whose standard prescription for at least 30 days 
preceding Screening: 

a. has a typical fill volume of 2.0L or 2.5L of Dianeal® PD-2 or 
PD-4; 

b. includes a long dwell of 8-16 hours with a fill volume of 2.0 L 
or 2.5 L 

6. Patients who have a residual renal function of ≤ 10 cc/minute as 
recorded in their medical record within 6 months preceding 
Screening. 

Administration: The test solution, 7.5% icodextrin peritoneal dialysis solution, will be 
administered intraperitoneally. 

Visit Schedule: There will be a total of six visits during this four-week study.  The 
patient will provide informed consent at Screening.  Visit 0 (Baseline) 
will occur within 14 days of Screening and will be a 24-hour inpatient 
visit, followed by four outpatient visits at Day 3, Day 7, Day 14 and 
Day 28. 
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Evaluation Criteria 
Pharmacokinetics: The absorption and elimination of icodextrin will be determined by 

the measurement of icodextrin and primary icodextrin metabolites in 
plasma, dialysate and urine upon administration of a single 12 hour 
icodextrin exchange. 
 
Blood samples will be collected for analysis at Baseline and at time 
2, 4, 8, 12, 16, 24 hours, and Days 3, 7, 14 and 28. 
 
Dialysate samples will be collected at 0, 2, 4, 8 and 12 hours during 
the study solution exchange, ten minutes after the first post-study 
dwell is instilled and at the end of each of the non-icodextrin dialysis 
exchanges during the first 24 hours (e.g., 16, 20 and 24 hours). 
 
Urine will be collected for analysis during the first 24 hours of the 
study. 

Safety: 1. Complete review of all adverse events reported during the study, 
especially with respect to the reported seriousness, severity, 
frequency, and possible relationship to the study solution. 

 
2. Monitoring clinically meaningful changes from Baseline:  

laboratory evaluations (hematology with differential, serum 
electrolytes, serum urea nitrogen, creatinine, and liver enzymes), 
fluid imbalances (i.e., weight changes, edema, dehydration) and 
physical examinations. 

Statistical: The pharmacokinetic analysis will be performed on icodextrin plasma 
concentration-time data to estimate the clearance rate, the 
absorption rate constant, the elimination rate constant, Cmax, Tmax, 
and AUC.  Appropriate kinetic analysis will be performed on the 
primary metabolites of icodextrin.  
 
For safety, the adverse events for this study will be summarized by 
incidence rates for which each patient is counted once for each 
event that he or she reported and total frequencies reported, by 
severity of event.  In addition, a complete listing of all adverse events 
reported will be provided.  The events will be categorized by 
COSTART body system and COSTART preferred term in all 
analyses. 
 
Changes from baseline will be calculated for each lab assay at each 
follow-up time point and the means and mean changes at each visit 
(Days 3, 7, 14 and 28) will be calculated.  The standard error, 
minimum, and maximum will also be displayed as well as a test for 
significance for the mean change from baseline.  The mean changes 
will be assessed for clinical relevance as well as statistical 
significance. 
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Title of study: 
 

Evaluation of Serum Levels of Icodextrin at Steady State, After 
Stopping Treatment and on Re-Starting After Three Weeks 

Investigators and study centers: The Principal Investigators for this study were M. J. Raftery, MD, 
MRCP, at Royal London Hospital, Whitechapel, London, and 
Professor J. Walls, MD, FRCP, Leicester General Hospital, 
Leicester. 

Publication (reference): ML Laboratories Final Clinical Study Report – ML/IB 014 1995. 
Studied period (years): February 1993 to May 1993 
Phase of development: 9.7 PHASE I 

Objectives: The aim of this steady-state, stop, start study (S5) was to measure 
icodextrin and metabolite levels after ceasing icodextrin treatment, 
after  
2 years of icodextrin treatment, and on re-start of icodextrin. 

Methodology: This was a randomized, open-label, multi-center, parallel-group 
substudy of the MIDAS-2 study.  CAPD patients from the MIDAS-2 
study who had received icodextrin for the overnight dwell for up to 
18 months participated in the S5 study (3 weeks on glucose 
followed by 2 weeks on icodextrin).  Four study site visits were 
performed during this study.     

Number of patients (planned and 
analyzed) 

Ten patients were needed to complete the study.  A total of 12 
patients were enrolled into the study, 5 from London and 7 from 
Leicester. 

Diagnosis and main criteria for 
inclusion: 

Inclusion Criteria consisted of patients who were in MIDAS-2 and 
patients who had given informed consent. 

Test product: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dextrin 20 (7.5% icodextrin) 
1 bag/night 
Intraperitoneal 

Duration of treatment: Nighttime, long dwell exchange once daily for 3 weeks with glucose 
followed by 2 weeks with icodextrin peritoneal dialysis solution. 

Control solution: 
Dose; Batch No.; Product Code 
No.: 
Mode of administration: 

Dianeal® Peritoneal Dialysis Solution with 1.36% or 3.86% glucose 
1 bag/night 
Intraperitoneal 

CRITERIA FOR EVALUATION: 
Efficacy evaluations: 
 

Serum levels of icodextrin and metabolites were assessed pre-
MIDAS (prior to ever receiving icodextrin), after 2 years of 
icodextrin treatment (at Day 1 of the S5 study, i.e., steady state), 
during the 3 weeks off icodextrin treatment, and during the 2 
weeks after re-starting icodextrin.  Ultrafiltration volumes were also 
collected weekly throughout the study. 
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Safety evaluations: Changes in health or medications, adverse events, blood pressure, 
weight and CAPD symptoms were recorded.  Blood samples for 
safety laboratory testing were collected at each visit. 

Statistical methods: The results of this study were mostly descriptive rather than 
comparative with calculation of means, standard deviations, 
medians and 95% confidence intervals.  Within-patient changes 
were studied and the rate of decline and rise in serum carbohydrate 
levels were calculated.  Changes in overall means for safety 
parameters were calculated.  Statistical testing was only performed 
on sodium, chloride and plasma osmolality.  Symptom data were 
described and adverse events listed by ICD9. 

SUMMARY – CONCLUSIONS: 
Efficacy results: Pretreatment mean icodextrin and maltose levels were 0.3 mg/mL 

and 0.03 mg/mL, respectively.  Steady-state mean levels after two 
years of icodextrin treatment were 4.8 mg/mL for icodextrin and 1.1 
mg/mL for maltose.  Levels of total icodextrin and maltose 
metabolite fell to pretreatment levels within 15 days of ceasing 
icodextrin treatment.  Levels of icodextrin and maltose reached 
steady state on the 8th day after restarting treatment.   

Safety results: Mean CAPD symptoms increased slightly (from 4.4 ± 1.6 to 5.3 ± 
2.4) on returning to glucose from icodextrin, but fell slightly (4.2 ± 
2.7) after 3 weeks on glucose and again (3.1 ± 2.0) after returning 
to icodextrin.   
Eight patients reported sixteen adverse events.  One patient 
withdrew on Day 35 of the study to receive a transplant. 
The only changes in safety laboratory parameters were slight rises 
in sodium and chloride during the glucose treatment period.   

CONCLUSION: Total icodextrin and metabolites were eliminated by simple first 
order kinetics with no evidence of a storage compartment. 

 
 



Table 9.0  (Page 1 of 16)   
Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
BODY GENERAL PERITONITIS    88   25.4   130   26.4   218   26.0  
  EXIT SITE INFECTION   58   16.7    73   14.8   131   15.6  
  PAIN    43   12.4    48    9.7    91   10.8  
  HEADACHE   23    6.6    43    8.7    66    7.9  
  PAIN, ABDOMINAL   20    5.8    39    7.9    59    7.0  
  FLU SYNDROME   21    6.1    35    7.1    56    6.7  
  INJURY ACCIDENTAL   14    4.0    31    6.3    45    5.4  
  ASTHENIA    27    7.8    28    5.7    55    6.5  
  LAB TEST ABNORMAL   12    3.5    25    5.1    37    4.4  
  PAIN CHEST   12    3.5    25    5.1    37    4.4  
  PAIN BACK   18    5.2    22    4.5    40    4.8  
  INFECTION   19    5.5    21    4.3    40    4.8  
  FEVER    3    0.9    18    3.7    21    2.5  
  PD CATHETER DYSFUNCTION   12    3.5    16    3.2    28    3.3  
  MALAISE    7    2.0    10    2.0    17    2.0  
  CYST    3    0.9    10    2.0    13    1.5  
  EXIT SITE INFLAMATION    3    0.9    10    2.0    13    1.5  
  HERNIA   12    3.5     8    1.6    20    2.4  
  TUNNEL INFECTION    2    0.6     8    1.6    10    1.2  
  ALLERGIC REACTION   13    3.7     7    1.4    20    2.4  
  CELLULITIS     8    2.3     6    1.2    14    1.7  
  INFECT VIRAL    2    0.6     6    1.2     8    1.0  
  ABSCESS    6    1.7     5    1.0    11    1.3  
  EFFLUENT BLOODY    4    1.2     5    1.0     9    1.1  
  PAIN NECK    4    1.2     4    0.8     8    1.0  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
BODY GENERAL (CONT.) CHILLS     2    0.6     4    0.8     6    0.7  
  ABDOMEN ENLARGED     1    0.3     4    0.8     5    0.6  
  CONTAMINATION    0    0.0     4    0.8     4    0.5  
  EDEMA FACE    0    0.0     4    0.8     4    0.5  
  MONILIA    0    0.0     4    0.8     4    0.5  
  SEPSIS     3    0.9     3    0.6     6    0.7  
  CLOUDY EFFLUENT    2    0.6     3    0.6     5    0.6  
  PAIN FLANK    2    0.6     3    0.6     5    0.6  
  INFECTION FUNGAL    1    0.3     3    0.6     4    0.5  
  NEOPLASM    1    0.3     3    0.6     4    0.5  
  MALNUTRITION    4    1.2     2    0.4     6    0.7  
  PAIN CHEST SUBSTERNAL    3    0.9     2    0.4     5    0.6  
  HD ACCESS DYSFUNCION    2    0.6     2    0.4     4    0.5  
  INFECTION BACTIAL    1    0.3     2    0.4     3    0.4  
  DEATH    0    0.0     2    0.4     2    0.2  
  GANGRENE    0    0.0     2    0.4     2    0.2  
  PAIN ON INFUSION    0    0.0     2    0.4     2    0.2  
  ALTERED HORMONE LEVEL    1    0.3     1    0.2     2    0.2  
  PAIN CHEST WALL    1    0.3     1    0.2     2    0.2  
  CARCINOMA     0    0.0     1    0.2     1    0.1  
  CHILLS FEVER    0    0.0     1    0.2     1    0.1  
  EDEMA GENERAL    0    0.0     1    0.2     1    0.1  
  EXIT SITE/TUNNEL INFECTION    0    0.0     1    0.2     1    0.1  
  HEMMORRAGE 

RETROPERITONEAL 
   0    0.0     1    0.2     1    0.1  

  HOSTILITY    0    0.0     1    0.2     1    0.1  
Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
BODY GENERAL (CONT.) HYPERTROPHY    0    0.0     1    0.2     1    0.1  
  INFECTION SUPERIMPOSED     0    0.0     1    0.2     1    0.1  
  REACTION AGGRAVATION    0    0.0     1    0.2     1    0.1  
  SHOCK    0    0.0     1    0.2     1    0.1  
  SURGERY EXTREMITY    0    0.0     1    0.2     1    0.1  
  MUCOUS MEMBRANE DISORDER     3    0.9     0    0.0     3    0.4  
  ABDOMINAL SYNDROME ACUTE    1    0.3     0    0.0     1    0.1  
  AMPUTATION    1    0.3     0    0.0     1    0.1  
  HIV TEST POSITIVE    1    0.3     0    0.0     1    0.1  
  IMMUNE SYSTEM DISORDER     1    0.3     0    0.0     1    0.1  
  PAIN PELVIC    1    0.3     0    0.0     1    0.1  
  PD CATHETER REPLACEMENT    1    0.3     0    0.0     1    0.1  
CARDIOVASCULAR HYPERTENSION   29    8.4    62   12.6    91   10.8  
  HYPOTENSION   37   10.7    32    6.5    69    8.2  
  VASCULAR DISORDER 

PERIPHERAL 
  13    3.7    17    3.4    30    3.6  

  ANGINA PECTORIS     5    1.4    12    2.4    17    2.0  
  INFARCT MYOCARDIAL    5    1.4    11    2.2    16    1.9  
  HEART ARREST    3    0.9    11    2.2    14    1.7  
  CARDIAC MURMUR     1    0.3    10    2.0    11    1.3  
  CEREBROVASCULAR ACCIDENT    2    0.6     8    1.6    10    1.2  
  PERICARDITIS     2    0.6     7    1.4     9    1.1  
  CARDIOVASC DISORDER     0    0.0     7    1.4     7    0.8  
  VASCULAR DISORDER     5    1.4     6    1.2    11    1.3  
  TACHYCARDIA     6    1.7     4    0.8    10    1.2  
  CORONARY ARTERY DISEASE    2    0.6     4    0.8     6    0.7  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
CARDIOVASCULAR (CONT.) HEART FAILURE    2    0.6     4    0.8     6    0.7  
  HEART FAIL RIGHT    2    0.6     4    0.8     6    0.7  
  SYNCOPE    7    2.0     3    0.6    10    1.2  
  HYPOTENSION POSTURAL    4    1.2     3    0.6     7    0.8  
  ARRHYTHMIA    1    0.3     3    0.6     4    0.5  
  CARDIOMEGALY    1    0.3     3    0.6     4    0.5  
  ARTERIOSCLEROSIS     0    0.0     3    0.6     3    0.4  
  PALPITATION    4    1.2     2    0.4     6    0.7  
  HEMMORRAGE    1    0.3     2    0.4     3    0.4  
  INFARCTION CEREBRAL    1    0.3     2    0.4     3    0.4  
  THROMOBIS     1    0.3     2    0.4     3    0.4  
  BRADYCARDIA     0    0.0     2    0.4     2    0.2  
  CARDIOMYOPATHY    0    0.0     2    0.4     2    0.2  
  EMBOLUS PULMONARY    0    0.0     2    0.4     2    0.2  
  FIBRILLATION ATRIAL    0    0.0     2    0.4     2    0.2  
  OCCLUSION CORONARY    0    0.0     2    0.4     2    0.2  
  STENOSIS AORTIC     0    0.0     2    0.4     2    0.2  
  THROMBOSIS CAROTID     0    0.0     2    0.4     2    0.2  
  GANGRENE PERIPHAL    2    0.6     1    0.2     3    0.4  
  MIGRAINE    2    0.6     1    0.2     3    0.4  
  THROMBOPHLEBITIS DEEP     2    0.6     1    0.2     3    0.4  
  FLUTTER ATRIAL    1    0.3     1    0.2     2    0.2  
  EXTRASYSTOLES VENTRICULAR    0    0.0     1    0.2     1    0.1  
  HEMMORRAGE CEREBRAL    0    0.0     1    0.2     1    0.1  
  OCCLUSION    0    0.0     1    0.2     1    0.1  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
CARDIOVASCULAR (CONT.) SURGERY HEART    0    0.0     1    0.2     1    0.1  
  OCCLUSION CAROTID     2    0.6     0    0.0     2    0.2  
  EMBOLUS     1    0.3     0    0.0     1    0.1  
  PALLOR    1    0.3     0    0.0     1    0.1  
  TACHYCARDIA 

SUPVENTRICULAR 
   1    0.3     0    0.0     1    0.1  

  VASOSPASM    1    0.3     0    0.0     1    0.1  
DIGESTIVE DIARRHEA   33    9.5    40    8.1    73    8.7  
  NAUSEA    17    4.9    35    7.1    52    6.2  
  NAUSEA VOMITING   21    6.1    25    5.1    46    5.5  
  DYSPEPSIA    13    3.7    25    5.1    38    4.5  
  VOMITING   19    5.5    22    4.5    41    4.9  
  CONSTIPATION   15    4.3    18    3.7    33    3.9  
  ANOREXIA    11    3.2    17    3.4    28    3.3  
  GASTRITIS     7    2.0    10    2.0    17    2.0  
  GI DISORDER     4    1.2     9    1.8    13    1.5  
  HEMMORRAGE GI    8    2.3     7    1.4    15    1.8  
  STOOL ABNORMAL    4    1.2     6    1.2    10    1.2  
  TOOTH DISORDER     2    0.6     6    1.2     8    1.0  
  LIVER FUNCTION ABNORMAL    1    0.3     6    1.2     7    0.8  
  GASTROENTERITIS     7    2.0     5    1.0    12    1.4  
  RECTAL DISORDER     4    1.2     4    0.8     8    1.0  
  FLATULANCE    3    0.9     4    0.8     7    0.8  
  ABSCESS PERIODONTAL    2    0.6     4    0.8     6    0.7  
  OBSTRUCTION  INTESTINAL    2    0.6     4    0.8     6    0.7  
  HEMMORAGE RECTAL    1    0.3     4    0.8     5    0.6  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
DIGESTIVE (CONT.) HEMATEMESIS     0    0.0     4    0.8     4    0.5  
  MONILIA ORAL    5    1.4     3    0.6     8    1.0  
  CHOLELITHIASIS     4    1.2     3    0.6     7    0.8  
  STOMACH ATONY    2    0.6     3    0.6     5    0.6  
  DYSPHAGIA     1    0.3     3    0.6     4    0.5  
  ULCER STOMACH    1    0.3     3    0.6     4    0.5  
  COLITIS     2    0.6     2    0.4     4    0.5  
  ESOPHAGITIS     2    0.6     2    0.4     4    0.5  
  ILEUS     2    0.6     2    0.4     4    0.5  
  PANCREATITIS     3    0.9     1    0.2     4    0.5  
  CHOLECYSTITIS     1    0.3     1    0.2     2    0.2  
  GI PERFORATION    1    0.3     1    0.2     2    0.2  
  HEMMORRAGE GUM    1    0.3     1    0.2     2    0.2  
  MELENA    1    0.3     1    0.2     2    0.2  
  APPENDIX PERFORATED     0    0.0     1    0.2     1    0.1  
  DIARRHEA BLOODY    0    0.0     1    0.2     1    0.1  
  DISCOLOR TONGUE    0    0.0     1    0.2     1    0.1  
  ERUCTATION    0    0.0     1    0.2     1    0.1  
  HEPATITIS C    0    0.0     1    0.2     1    0.1  
  JAUNDICE CHOLESTATIC     0    0.0     1    0.2     1    0.1  
  LIVER DAMAGE    0    0.0     1    0.2     1    0.1  
  MONILIA    0    0.0     1    0.2     1    0.1  
  MONILIA GI    0    0.0     1    0.2     1    0.1  
  NECROSIS INTESTINAL    0    0.0     1    0.2     1    0.1  
  PROCTITIS     0    0.0     1    0.2     1    0.1  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
DIGESTIVE (CONT.) STOMATITIS     0    0.0     1    0.2     1    0.1  
  ULCER DUODENUM    0    0.0     1    0.2     1    0.1  
  ULCER DUODENUM 

HEMMORRAGE 
   0    0.0     1    0.2     1    0.1  

  ULCER MOUTH    0    0.0     1    0.2     1    0.1  
  ULCER PEPTIC    0    0.0     1    0.2     1    0.1  
  NAUSEA VOMITING DIAR    2    0.6     0    0.0     2    0.2  
  BEZOAR    1    0.3     0    0.0     1    0.1  
  COLITIS PSEUDOMEMBRANOUS     1    0.3     0    0.0     1    0.1  
  GINGIVITIS     1    0.3     0    0.0     1    0.1  
  INTESTINE LARGE 

PERFORATION 
   1    0.3     0    0.0     1    0.1  

  PANCREATITIS NECROSIS     1    0.3     0    0.0     1    0.1  
  STENOSIS ESOPHAGEAL    1    0.3     0    0.0     1    0.1  
  ULCER STOMACH 

HEMMORRAGE 
   1    0.3     0    0.0     1    0.1  

ENDO PARATHYROID DISORDER     6    1.7     5    1.0    11    1.3  
  HYPOTHYROIDSM    4    1.2     3    0.6     7    0.8  
  DIABETES MELLITUS     5    1.4     2    0.4     7    0.8  
  ADRENAL DISORDER     1    0.3     1    0.2     2    0.2  
  COMA DIABETIC     0    0.0     1    0.2     1    0.1  
  THYROID DISORDER     0    0.0     1    0.2     1    0.1  
HEMATOLOGIC AND LYMPHATIC  ANEMIA   39   11.2    55   11.2    94   11.2  
  LEUKOCYTOSIS     4    1.2    15    3.0    19    2.3  
  ANEMIA IRON DEFICIENCY    6    1.7     9    1.8    15    1.8  
  ECCHYMOSIS     3    0.9     4    0.8     7    0.8  
  LYMPHADENOPATHY    0    0.0     4    0.8     4    0.5  
  FIBRIN INCREASE    0    0.0     3    0.6     3    0.4  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
HEMATOLOGIC AND LYMPHATIC 
(CONT.) 

THROMBOCYTOPENIA     2    0.6     2    0.4     4    0.5  

  ALLOGRAFT REJECTION    1    0.3     2    0.4     3    0.4  
  EOSINOPHILIA     4    1.2     1    0.2     5    0.6  
  COAGULATION TIME INCREASE    1    0.3     1    0.2     2    0.2  
  ALLOGRAFT THROMOSIS     0    0.0     1    0.2     1    0.1  
  ANEMIA HYPOCHROMIC     0    0.0     1    0.2     1    0.1  
  LEUKOPENIA    0    0.0     1    0.2     1    0.1  
  LYMPHOMA LIKE REACTION    0    0.0     1    0.2     1    0.1  
  LYMPHANGITIS     1    0.3     0    0.0     1    0.1  
  MYELOMA    1    0.3     0    0.0     1    0.1  
  POLYCYTHEMIA    1    0.3     0    0.0     1    0.1  
  THROMBOCYTHEMIA     1    0.3     0    0.0     1    0.1  
METABOLIC AND NUTRITION HYPOKALEMIA   37   10.7    34    6.9    71    8.5  
  HYPOPROTEINEMIA   32    9.2    34    6.9    66    7.9  
  HYPERVOLEMIA   20    5.8    28    5.7    48    5.7  
  EDEMA   17    4.9    28    5.7    45    5.4  
  HYPERPHOSPHATEMIA    26    7.5    25    5.1    51    6.1  
  HYPERGLYCEMIA   12    3.5    25    5.1    37    4.4  
  DEHYDRATION   17    4.9    23    4.7    40    4.8  
  EDEMA PERIPHERAL   29    8.4    18    3.7    47    5.6  
  HYPERCALCEMIA   10    2.9    17    3.4    27    3.2  
  PHOSPHATASE ALKALINE 

INCREASE 
   6    1.7    14    2.8    20    2.4  

  WEIGHT INCREASE    9    2.6    12    2.4    21    2.5  
  HYPONATREMIA    7    2.0    11    2.2    18    2.1  
  WEIGHT DECREASE    4    1.2    11    2.2    15    1.8  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
METABOLIC AND NUTRITION (CONT.) HYPERCHOLESTEREMIA    8    2.3    10    2.0    18    2.1  
  HYPOCALCEMIA    6    1.7    10    2.0    16    1.9  
  HYPOVOLEMIA    7    2.0     9    1.8    16    1.9  
  SGPT INCREASE    3    0.9     9    1.8    12    1.4  
  SGOT INCREASE    1    0.3     9    1.8    10    1.2  
  HYPERKALEMIA    6    1.7     8    1.6    14    1.7  
  HYPOCHLOREMIA    3    0.9     8    1.6    11    1.3  
  HYPOMAGNESEMIA    4    1.2     7    1.4    11    1.3  
  HYPOGLYCEMIA    9    2.6     6    1.2    15    1.8  
  HYPOCHOLESTEREMIA    1    0.3     6    1.2     7    0.8  
  ACIDOSIS     1    0.3     5    1.0     6    0.7  
  GOUT    1    0.3     5    1.0     6    0.7  
  HYPERLIPEMIA    4    1.2     4    0.8     8    1.0  
  HYPOPHOSPHATEMIA     6    1.7     3    0.6     9    1.1  
  ELECTROLYTE ABNORMALITY    4    1.2     3    0.6     7    0.8  
  CREATININE INCREASE    2    0.6     3    0.6     5    0.6  
  ULTRAFIL DECREASE    6    1.7     2    0.4     8    1.0  
  CALCIUM DISORDER     3    0.9     2    0.4     5    0.6  
  BUN INCREASE    0    0.0     2    0.4     2    0.2  
  HEMOSIDEROSIS     0    0.0     2    0.4     2    0.2  
  HYPOGLYCEMIC REACTION    0    0.0     2    0.4     2    0.2  
  THIRST    0    0.0     2    0.4     2    0.2  
  CREATINE PK INCREASE    1    0.3     1    0.2     2    0.2  
  FERRITAN INCREASE    1    0.3     1    0.2     2    0.2  
  OBESITY    1    0.3     1    0.2     2    0.2  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
METABOLIC AND NUTRITION (CONT.) CYANOSIS     0    0.0     1    0.2     1    0.1  
  HYPOXIA     0    0.0     1    0.2     1    0.1  
  HYPOLIPEMIA    2    0.6     0    0.0     2    0.2  
  CREATININE CLEARANCE 

DECREASE 
   1    0.3     0    0.0     1    0.1  

  HEALING ABNORMALITY    1    0.3     0    0.0     1    0.1  
  HYPERNATREMIA    1    0.3     0    0.0     1    0.1  
MUSCULOSKELETAL ARTHRALGIA    27    7.8    31    6.3    58    6.9  
  ARTHRITIS     4    1.2     9    1.8    13    1.5  
  MYALGIA    8    2.3     5    1.0    13    1.5  
  CRAMPS LEG    5    1.4     5    1.0    10    1.2  
  MYASTHENIA    1    0.3     5    1.0     6    0.7  
  BONE FRACT SPONTANEOUS     6    1.7     4    0.8    10    1.2  
  CRAMPING    4    1.2     4    0.8     8    1.0  
  BONE DISORDER     1    0.3     4    0.8     5    0.6  
  JOINT DISORDER     3    0.9     3    0.6     6    0.7  
  PAIN BONE    1    0.3     2    0.4     3    0.4  
  MYOPATHY    0    0.0     2    0.4     2    0.2  
  BURSITIS     3    0.9     1    0.2     4    0.5  
  OSTEOMYELITIS     1    0.3     1    0.2     2    0.2  
  TENDON DISORDER     1    0.3     1    0.2     2    0.2  
  PTOSIS     0    0.0     1    0.2     1    0.1  
  ARTHRITIS RHEUMATOID     1    0.3     0    0.0     1    0.1  
  ARTHROSIS     1    0.3     0    0.0     1    0.1  
  NECROSIS BONE    1    0.3     0    0.0     1    0.1  
NERVOUS  DIZZINESS   19    5.5    27    5.5    46    5.5  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
NERVOUS (CONT.) INSOMNIA   15    4.3    15    3.0    30    3.6  
  DEPRESSION   13    3.7    13    2.6    26    3.1  
  CONFUSION    5    1.4     9    1.8    14    1.7  
  NEUROPATHY    5    1.4     9    1.8    14    1.7  
  NEURITIS PERIPHERAL   11    3.2     8    1.6    19    2.3  
  HYPESTHESIA    4    1.2     6    1.2    10    1.2  
  GAIT ABNORMAL    1    0.3     6    1.2     7    0.8  
  SOMNOLENCE   13    3.7     5    1.0    18    2.1  
  PARESTHESIA     3    0.9     5    1.0     8    1.0  
  ANXIETY    3    0.9     4    0.8     7    0.8  
  CONVULSION    2    0.6     4    0.8     6    0.7  
  THINKING ABNORMAL    1    0.3     4    0.8     5    0.6  
  DRY MOUTH    5    1.4     3    0.6     8    1.0  
  HYPERTONIA    2    0.6     3    0.6     5    0.6  
  TREMOR    1    0.3     3    0.6     4    0.5  
  HYPERKINESIA    2    0.6     2    0.4     4    0.5  
  CEREBROVASCULAR  ACCIDENT    1    0.3     2    0.4     3    0.4  
  NEURALGIA    1    0.3     2    0.4     3    0.4  
  NEUROSIS     1    0.3     2    0.4     3    0.4  
  PARALYSIS FACIAL    1    0.3     2    0.4     3    0.4  
  AMNESIA     1    0.3     1    0.2     2    0.2  
  ATAXIA     1    0.3     1    0.2     2    0.2  
  NERVOUSNESS    1    0.3     1    0.2     2    0.2  
  AGITATION    0    0.0     1    0.2     1    0.1  
  APHASIA     0    0.0     1    0.2     1    0.1  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
NERVOUS (CONT.) CONVULSION GRAND MAL    0    0.0     1    0.2     1    0.1  
  DELUSIONS     0    0.0     1    0.2     1    0.1  
  EMOTIONAL LABILITY    0    0.0     1    0.2     1    0.1  
  HEMIPLEGIA    0    0.0     1    0.2     1    0.1  
  HYPOKINESIA    0    0.0     1    0.2     1    0.1  
  TWITCH    0    0.0     1    0.2     1    0.1  
  MOVEMENT DISORDER     2    0.6     0    0.0     2    0.2  
  VASODILATION    2    0.6     0    0.0     2    0.2  
  DREAM ABNORMAL    1    0.3     0    0.0     1    0.1  
  PERSONALITY DISORDER     1    0.3     0    0.0     1    0.1  
  REFLEXES DECREASED    1    0.3     0    0.0     1    0.1  
  URINARY RETENTION    1    0.3     0    0.0     1    0.1  
  VERTIGO    1    0.3     0    0.0     1    0.1  
RESPIRATORY UPPER RES INFECTION   46   13.3    74   15.0   120   14.3  
  COUGH INCREASE   13    3.7    35    7.1    48    5.7  
  DYSPNEA    24    6.9    26    5.3    50    6.0  
  RHINITIS    14    4.0    20    4.1    34    4.0  
  PHARYNGITIS     5    1.4    15    3.0    20    2.4  
  PNEUMONIA    8    2.3    12    2.4    20    2.4  
  SINUSITIS     7    2.0    11    2.2    18    2.1  
  EDEMA LUNG    2    0.6     6    1.2     8    1.0  
  EFFUS PLEURAL    2    0.6     6    1.2     8    1.0  
  BRONCHITIS     6    1.7     5    1.0    11    1.3  
  HICCUP    1    0.3     5    1.0     6    0.7  
  LUNG DISORDER     6    1.7     4    0.8    10    1.2  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
RESPIRATORY (CONT.) EPISTAXIS     5    1.4     4    0.8     9    1.1  
  SPUTUM INCREASE    1    0.3     3    0.6     4    0.5  
  RESPIRATORY DISORDER     5    1.4     2    0.4     7    0.8  
  ATELECTASIS     2    0.6     2    0.4     4    0.5  
  PLEURAL DISORDER     2    0.6     1    0.2     3    0.4  
  LARYNGITIS     1    0.3     1    0.2     2    0.2  
  PNEUMONIA ASPIRATION    1    0.3     1    0.2     2    0.2  
  APNEA     0    0.0     1    0.2     1    0.1  
  ASTHMA    0    0.0     1    0.2     1    0.1  
  HYPERTENSION PULMONARY    0    0.0     1    0.2     1    0.1  
  VOICE ALTERATION    0    0.0     1    0.2     1    0.1  
SKIN  RASH   16    4.6    50   10.1    66    7.9  
  PRURITUS    23    6.6    27    5.5    50    6.0  
  ULCER SKIN   13    3.7    16    3.2    29    3.5  
  SKIN DISORDER    18    5.2    11    2.2    29    3.5  
  SKIN DRY    3    0.9    10    2.0    13    1.5  
  DERMATITIS EXFOLIATIVE    1    0.3     9    1.8    10    1.2  
  RASH VESICULAR BULLOUS     9    2.6     6    1.2    15    1.8  
  ECZEMA    1    0.3     6    1.2     7    0.8  
  FURUNCULOSIS     4    1.2     5    1.0     9    1.1  
  NAIL DISORDER     2    0.6     5    1.0     7    0.8  
  CARCINOMA SKIN     0    0.0     4    0.8     4    0.5  
  PSORIASIS     2    0.6     3    0.6     5    0.6  
  ERYTHEMA NODOSUM    0    0.0     3    0.6     3    0.4  
  SKIN DISCOLOR    0    0.0     3    0.6     3    0.4  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
SKIN (CONT.) HERPES ZOSTER     9    2.6     2    0.4    11    1.3  
  URTICARIA    0    0.0     2    0.4     2    0.2  
  HERPES SIMPLEX     3    0.9     1    0.2     4    0.5  
  RASH MACULOPAPULAR    3    0.9     1    0.2     4    0.5  
  ACNE    2    0.6     1    0.2     3    0.4  
  ALOPECIA     0    0.0     1    0.2     1    0.1  
  DERM FUNG    0    0.0     1    0.2     1    0.1  
  ERYTHEMA MULTIFORME    0    0.0     1    0.2     1    0.1  
  HYPERTROPHY SKIN     0    0.0     1    0.2     1    0.1  
  NODULE SUBCUTANEOUS     0    0.0     1    0.2     1    0.1  
  SWEAT    0    0.0     1    0.2     1    0.1  
  DIAPHORESIS     1    0.3     0    0.0     1    0.1  
  NECROSIS SKIN     1    0.3     0    0.0     1    0.1  
  PRURITIS     1    0.3     0    0.0     1    0.1  
SPECIAL SENSES  EYE DISORDER    6    1.7    13    2.6    19    2.3  
  EAR DISORDER     3    0.9    10    2.0    13    1.5  
  VISION ABNORMALITY    4    1.2     8    1.6    12    1.4  
  CATARACT NOS     3    0.9     7    1.4    10    1.2  
  CONJUNCTIVITIS     8    2.3     6    1.2    14    1.7  
  AMBLYOPIA     0    0.0     5    1.0     5    0.6  
  HEMMORRAGE EYE    4    1.2     4    0.8     8    1.0  
  PAIN EAR    2    0.6     4    0.8     6    0.7  
  RETINAL DISORDER     2    0.6     4    0.8     6    0.7  
  RETINAL VASCULAR DISORDER     0    0.0     3    0.6     3    0.4  
  PAIN EYE    2    0.6     2    0.4     4    0.5  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
SPECIAL SENSES (CONT.) DRY EYE    1    0.3     2    0.4     3    0.4  
  CATARACT    0    0.0     2    0.4     2    0.2  
  VITREOUS DISORDER     2    0.6     1    0.2     3    0.4  
  TINNITUS     1    0.3     1    0.2     2    0.2  
  TASTE LOSS    0    0.0     1    0.2     1    0.1  
  VESTIBULAR DISORDER     0    0.0     1    0.2     1    0.1  
  CORNEAL OPACITY    2    0.6     0    0.0     2    0.2  
  HEMMORAGE RETINAL    2    0.6     0    0.0     2    0.2  
  BLIND    1    0.3     0    0.0     1    0.1  
  DEAF    1    0.3     0    0.0     1    0.1  
  GLAUCOMA    1    0.3     0    0.0     1    0.1  
  LACRIMATION DISORDER     1    0.3     0    0.0     1    0.1  
  OTITIS MEDIA    1    0.3     0    0.0     1    0.1  
  TASTE PERVERS     1    0.3     0    0.0     1    0.1  
  ULCER CORNEAL    1    0.3     0    0.0     1    0.1  
UROGENITAL INFECTION URINARY TRACT   16    4.6    13    2.6    29    3.5  
  HEMATURIA    7    2.0     7    1.4    14    1.7  
  DYSURIA     2    0.6     5    1.0     7    0.8  
  PAIN KIDNEY    2    0.6     5    1.0     7    0.8  
  NEOPLASM BREAST    1    0.3     4    0.8     5    0.6  
  IMPOTENCE    0    0.0     4    0.8     4    0.5  
  CYSTITIS     4    1.2     3    0.6     7    0.8  
  MONILIA VAGINA    2    0.6     3    0.6     5    0.6  
  VAGINITIS     1    0.3     3    0.6     4    0.5  
  LEUKORRHEA    0    0.0     3    0.6     3    0.4  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.    
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Incidence of Adverse Events by COSTART Body System and Preferred Term   

Related and Unrelated Events Were Considered For All Studies   
    Control 

Group 
(N=347) 

Icodextrin 
Group 

(N=493) 

All Patients 
(N=840) 

COSTART Body System COSTART Preferred Term N Percent N Percent N Percent 
UROGENITAL (CONT.) PROSTATIC DISORDER     0    0.0     3    0.6     3    0.4  
  KIDNEY POLYCYSTIC    1    0.3     2    0.4     3    0.4  
  ANURIA    0    0.0     2    0.4     2    0.2  
  BREAST FIBROCYST    0    0.0     2    0.4     2    0.2  
  MENSTRUAL DISORDER     0    0.0     2    0.4     2    0.2  
  MENORRHAGIA    3    0.9     1    0.2     4    0.5  
  EDEMA SCROTUM    2    0.6     1    0.2     3    0.4  
  UREMIA    2    0.6     1    0.2     3    0.4  
  EDEMA GENITAL    1    0.3     1    0.2     2    0.2  
  URINARY FREQUENCY    1    0.3     1    0.2     2    0.2  
  URINARY URGENCY    1    0.3     1    0.2     2    0.2  
  EDEMA LABIA    0    0.0     1    0.2     1    0.1  
  GYNECOMASTIA     0    0.0     1    0.2     1    0.1  
  HEMMORRAGE UTERINE    0    0.0     1    0.2     1    0.1  
  KIDNEY CALCULUS     0    0.0     1    0.2     1    0.1  
  LACTATION FEMALE    0    0.0     1    0.2     1    0.1  
  MENOPAUSE    0    0.0     1    0.2     1    0.1  
  NECROSIS KIDNEY TUBULULAR    0    0.0     1    0.2     1    0.1  
  NEPHRECTOMY    0    0.0     1    0.2     1    0.1  
  URINARY ABNORMALITY    0    0.0     1    0.2     1    0.1  
  URINARY TRACT DISORDER     2    0.6     0    0.0     2    0.2  
  CARCINOMA PROSTATE    1    0.3     0    0.0     1    0.1  
  KIDNEY FUNCTION ABNORMAL    1    0.3     0    0.0     1    0.1  
  VULVOVAGINAL DISORDER     1    0.3     0    0.0     1    0.1  

Only one event per patient per preferred term was counted.   
Events are ordered within each Body System from highest to lowest incidence rates within the Icodextrin group.   
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